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PEEFACE. 



The following pages were not originally 
written with a view to publication, but 
merely intended as a private means, simple 
and concise, by which to impress upon the 
author's mind necessary available facts rela- 
tive to steam and the steam-engine. 

Promiscuously, however, in support of 
assertion educed by argument, in company 
of engineers, the manuscript was appealed 
to, the consequence of which was an eager 
expression of belief that, seeing the benefits 
to myself, the work-might be equally useful 
to them and others, provided it were sub- 
mitted to publication. To this I felt 
exceedingly reluctant, because of the pecu- 
Gar mode I had selected for individual 
purpose. My reluctance, however, was 
ultimately overcome by the consideration 
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of the possible utility of the work to prac- 
tical men entering either the naval or the 
commercial service as engineers, for which 
appointments a competent knowledge of 
steam and the steam-engine is, by examina- 
tion, now imperatively required. 

Having thus far explained my reasons 
for writing, and also for publication, I have 
only further to add, that the matter, 
although not altogether original, yet, in 
its simplified and condensed form, for con- 
stant and immediate application, will be to 
many of more real value as a text-book and 
ready prompter, which practical emergen- 
cies so frequently require, than a more 
elaborate work, increased in magnitude by 
elementary research. 

The first edition was sold off in an incre- 
dibly short space of time, and a second 
edition solicited, with augmentations for 
more general purposes ; in compliance with 
which demand I have carefully revised the 
whole, and made considerable additions, so 
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as to render the work more generally useful 
to the practical engineer, by assisting the 
memory in matters relating to steam-engines 
for land purposes or marine navigation, and 
also by affording valuable information to 
students of other classes, who have to 
acquire a similar knowledge by command 
or otherwise. 

The utility of the work is p,lso much 
enhanced by the addition of enlarged tables 
of various descriptions for practical refer- 
ence, by which time in calculation is saved, 
and uncertainty much diminished; hence 
the work will be found to comprehend 
numerous rules, practical observations, and 
tables of merit, arranged in the most expli- 
cit form that individual ingenuity could 
studiously devise. 

London, August, 1862. 
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STEAM AND THE STEAM-ENGINE. 



1. What amount of elementary knowledge, in- 
dependent of practical qualifications^ is necessary 
to constitute an individual a practical engineer f 

In the construction or practical working of a 
steam-engine, the elementary requirements are 
diversified; but the most necessitous are a know- 
ledge of the properties of steam, and the princi- 
ples of the steam-engine relative thereto. 

2. What is steam f 

Steam, generally, is the aqueous vapour arising 
from water at any degree of temperature; but 
steam, available as a motive power, is the vapou** 
produced from water when heated to 212^ Fab. 
and upwards. 

2 IS 



14 PRACTICAL EXAMINATOR ON 

8. Why designate steam an aqueous vapour f 
First, because it is produced from aqua, or 
water, combined with heat ; and second, in order 
to distinguish it from that of a gas : the proper- 
ties of the latter being those of retaining perma- 
nently the aeriform state, unless liquefied by com- 
pression; while the aeriform state of the former 
cannot be retained unless at a uniform tempera- 
ture, and in contact with the water from which it 
was generated. 

4. What are degrees of temperature f 
By degrees of temperature is understood the 
quantity of sensible heat in steam, water, air, &c., 
as indicated by the expansion or rise of the mer- 
cury in the tube of a thermometer. 

6. What is a thermometer f 

An instrument founded on the properties which 
heat possesses of expanding all bodies, the degrees 
of temperature being measured by the contrac- 
tions and expansions of a column of mercury, the 
heat of boiling and freezing water being regarded 
as two fixed points. And the space between them 
divided into a certain number of equal parts* 
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Fahrenheit's scale; the freezing point of fresh 
water is 82°, and the boiling point 212°. 

6. Is steam^ and the water from which it ii 
generated^ of equal temperatures while they remain 
in immediate contact? 

Teis ; and under such circumstances designated 
common steam, and of low pressure if not exceed* 
ing fifteen pounds per square inch above that 
of atmospheric pressure ; or high-pressure steam 
when exceeding that density. 

7. Why make the distinction common steam f 
Because, when steam is separated by another 

vessel from its water of formation, it may be sub- 
jected to a greater degree of heat, whereby the 
watery particles of which it is composed are 
diminished in bulk, but augmented in. quantity 
and elastic force, through excess of caloric, and 
commonly termed superheated steam. 

8. What is meant by steam being available as 
a motive power ? 

Steam being available as a motive power, sig- 
nifies that its inherent force or power is so great 
as to cause useful motion to machinery through 
the medium of the pteam-engine. 
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^. What are the inherent qualities of steam f 
Elasticity, Expansibility, and Latent or Con- 
cealed Heat. 

10. What is meant hy elasticity? 
Elasticity of steam is the power which it has in 

itself of returning to its original form, after being 
made to deviate by some external force; the force 
which it exeris in endeavouring to recover its 
position being the measure of its elasticity. 

11. Haw is the amount of elastic force of steam 
obtained by calculation f 

Rule: — To the indicated temperature of the 
steam in degrees of Fah. add 100, multiply the 
sum by '00564, and the sixth power of. the pro- 
duct equal the force in inches of mercury ; which, 
being multiplied by 491, equal pounds per square 
inch elastic force. 

Suppose the temperature of steam 262° Fah. 
262° + 100 X .00564 = 2.041686« == 74 inches of 

mercury; and 74x491=86*8 lbs. elastic force. 

12. What is expansibility f 

Expansibility is the amount of force that steam 
is capable of exerting, by the recession of its 
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particles from one another, so that it occupies a 
greater space, while its weight remains the same: 
commonly termed expansive force. 

13. Sow are the properties of steam by expan-^ 
aion estimated? 

Steam of any given density expanded to double 
its volume exerts then half its original force; if 
expanded t& three volumes, it will then exert 
one-third its original force ; if expanded to four 
volumes, is then capable of exerting one-fourth 
its original force, &c., in an inverse ratio with 
expansion; hence the following rule relative to 
the steam-engine : — As the whole distance passed 
through by the piston, both before and after ex- 
pansion, is to that portion passed through pre- 
vious to the steam being cut off, so is the pressure 
of the dense steam to the pressure after expan- 
sion. 

Suppose ^team at 20 pounds, or 6 pounds above 
the atmospheric pressure, and cut off at 15 inches 
of the stroke, what force will the steam exert 
when expanded to 60 inches? 

60 : 15 : : 20 : 6 lbs. ; or H^ « 6 lbs. 

60 

2* 



18 PRACTICAL EXAMIKATOB ON 

14. What 48 latent heat f 

Latent or concealed heat, occasionally desig- 
nated <<heat of fluidity," is an excess of caloric 
or heat in steam, that is not discoverable other- 
wise than by a measurable amount of practical 
effect; and by such means it has been satisfacto- 
rily proved that the total amount of lateAt and 
indicated caloric in steam of -Vfater at all temper- 
atures is a constant sum, viz. 1^12^ Fah., the 
'latent heat at 212°, or boiling point, being 1000°, 
or very nearly so. Water at the boiling point, or 
212° Fah., requires about 5| times the quantity 
of heat to convert it to a state of steam as it did 
to raise it from 82° to the boiling point; and then 
the temperature, as indicated by a thermometer, 
ia not elevated by the excess of caloric, but re- 
mains an equal quantity, viz. 212°. 

15. Are all waters equally efficacious to the 
production of steam f 

No; from sea- water; or other waters holding 
salts similarly in solution, by which the gravity 
is increased, steam is not produced of an equal 
elasticity at an equal degree of temperature, 
because fresh water boils at 212° Fah., whereas 
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sea-water, equally circumstanced) does not boil 
until raised to a temperature of 213*2^. From a 
saturated solution of sea-water at a temperature 
of 212° Fah., the force of vapour produced is only 
^bout 11'87 pounds per square inch elastic force; 
whereas the vapour from fresh water at an equal 
temperature is 14*7 pounds; and, under similar 
circumstances, sea-water at 220°, the force of 
vapour equal 18-25 pounds; whereas from fresh 
water at 220°, the force of vapour equal about 
17«6 pounds per square inch. 

16. Sow is the increased gravity or saltness of 
the water to be ascertained? 

It may be ascertained by means of an hydro- 
meter properly graduated into twelve divisions or 
degrees, the point of least buoyancy or greatest 
immersion being in that of fresh water, and the 
other point, or greatest buoyancy and least immer- 
sion, in that of water containing ^f ds its weight 
of salt, the water then being in a state of satu- 
rated solution. All sea-waters, do not hold in 
solution equal degrees of saline matter, the water 
as tested in one locality being in excess to that 
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of another, as the following — that of the British 



Channel being 1 : — 




The Baltic Sea equal 


0.19 


The Black Sea 


0.61 


The Irish Channel 


0.96 


The Mediterranean Sea 


i.ii 


At the Equator . . 


1.12 


North Atlantic 


1.16 


Sea of Marmora . 


1.18 


South Atlantic 


1.20 


Dead Sea . . . < 


10.86 



17. What is the difference of the temperatures 
relative to the production of steam at equal densi- 
ties, from those of fresh and sea-waters individu- 
ally? 

Sea-water naturally holds in solution ^^^d its 
weight of salt, which becomes gradually augment- 
ed by evaporation ; each grade as approaching to 
saturation requiring a higher degree of tempera- 
ture in attaining the boiling point ; — thus, at ^-^ds 
of saturation, the boiling point is 214.4® Fah.; 
at ^^ds it is 215.6°; and at ^^ds, beyond which 
grade of saturation the water in a steam or ma- 
rine boiler ought never be allowed to exceed, th^ 
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boiling point is elevated to 216*7^; hence, to find 
the degree of temperature at which steam of a 
given density would be obtained from salt water 
equal to that from fresh water, the excess of tem- 
*perature due to the saltness of the water moat be 
added; thus — 

Suppose the temperattire to produce steam at 
12 pounds per square inch from fresh water be 
245-1^ Fah., the temperature to produce the same 
from water holding ^^^ds its weight of salt, will be 

245-1 + 4.7 « 249.8^ Fah., 

4.7 being the difierence between 212° and 216.7. 

18. How is approximated saturation of the 
water in the loiler^ to an injurious extent^ pre- 
vented? 

By constant extraction of a portion of the watAr 
by means of brine pumps, or by brine cocks, from 
or near the bottom of the boiler; also by fre- 
quently blowing out an indicated accumulation of 
the feed water which hjts been intentionally forced 
into the boiler during a given period of time, say, 
at the greatest extent, the end of every two hours. 

19. Ohservingy relative to the steam-engine at 
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9ea, the high degree of temperature necessary for 
the production of steam from sea-water, and also 
the loss of heat that mv^t he occasioned by the fre- 
quent changing of the water in the boiler, through 
which to prevent saturation, — is no advantage 
attempted whereby to effect a saving of fuel, and 
compensate in some measure for the extra quan- 
tity of heat required ? 

Yes, by means of a refrigerator, that is, a Vessel 
of any convenient form containing a number of 
tubes, into which vessel, arid surrounding the 
tubes, the saturated water or brine from the boiler 
is conducted in its course outward. And through 
the interior of the tubes the water to the boiler 
is compelled to pass by the action of the feed 
pumps; hence, by such means, a portion of the 
hfeat from the brine is abstracted by the feed 
water previous to its entering the boiler, thus 
effecting a saving in proportion to the quantity 
of heat it may by such means imbibe. 

20. By such application, how is the theoretical 
amount of advantage estimated? 

Rule: — From 1212° subtract the heat of the 
brine after leaving the refrigerator; multiply the 
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remainder by the grade of saturation, and frora 
the temperature of the water in the boiler subtract 
also the heat of the brine after leaving the refri- 
gerator ; add together the product and the remain- 
der obtained by each process: then, as the sum 
of the two is to the remainder, so is the quantity 
of fuel required in a given time to the quantity 
saved, in equal terms of unity. 

21. Suppose, in a marine boiler, the water be 
maintained at three times the saltness of sea-water ^ 
and at a temperature of 244° in the boiler^ the 
water from the refrigerator at 100°, and the con- 
sumption of coals per day, without the refrige- 
rator, thirty-six tons, — what, with the refrigerator, 
might be the anticipated amount of saving during 
the same period of time ? 

3 X (1212° — 100°) = 3336° 1 ^ 
and 244 — 100 = 144 J "^ "" 

Then, as 3480 : 144 : : 36 : 149 tons of fuel saved. 

22. In regard to boilers for the generation of 
steam, what are the best proportions of capacity, 
heating surface, and extent of furnace, so as to 
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uupply efficiently with steam any dimetision of 
^teaiArengine given f 

When practicability will admit, the capacity 
for water and steam ought not to be less than 
twenty-five cubic feet, extent of heating surface 
not less than nine square feet, and one square 
foot of furnace bars to each nominal horse-power, 

23. What is meant by the term nominal horse- 
power of ah engine f 

By nominal horse-power is to be understood 
that of an engine having a cylinder of a given 
diameter and a given length of stroke, with a con- 
stant, uniform, effective pressure of seven pounds 
per square inch on the piston. 

The rule for estimation being as follows: — 
Multiply the square of the cylinder's diameter in 
inches by the cube root of the stroke in feet, and 
by -0213 ; the product is the nominal horse-rpower. 
Suppose a cylinder of 30 inches diameter with a 
stroke of six feet. 

30« = 900 and ^6 = 1.817, hence 900 X 1-817 
X .0218 = 34.8 horse-power., 

24. What is the expected evaporation of waUr^ 
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r 

or volume of steam generated by a boiler of the 
preceding proportions to each horse-power f - 

About thirty-three cubic feet of steam gene- 
rated per minute, or one cubic foot of water eva- 
porated per hour by fuel of an average quality, 
or one pound of coal to about 8*5 pounds of water 
evaporated. 

25. How is the pressure or elastic force of steam 
determined relative to the steam-engine practi- 
cally f 

By means of th^ safety-valve, that is, properly, 
a circular disk covering a circular opening in the 
top or upper part of the boiler, and either loaded 
directly or indirectly by the action of a lever and 
weight, or spring balance, to any degree of press- 
ure required. 

26. What is meant by the action of the lever? 
The action of the lever is the accumulated effect 

of its weight upon the valve, more than would be 
effected by actual gravity. Thus, if the distance 
between the fulcrum and the valve be equal to 
half the lever's length, the same being of parallel 
dimensions, the action upon the valve equals the 
weight of the lever; but in proportion as the dis- 
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tance between the fulcrum and the y^tlve is les- 
Bened, so is the action or tendency of the lever to 
press down the yalve increased. 

27. When the required pressure upon the safe- 
ty-valve is given^ also the diameter of the valve^ hy 
what mode of calculation is the required amount 
of weight upon the valve or lever determined f 

Square the diameter of the valve, that is, nnil- 
tiply the diameter by the diameter, which product 
being multiplied by the decimal number •7864, 
expresses the area of the valve in equal terms of 
unity ; and if the weight be to act directly upon 
the valve, multiply the area by the pressure re- 
quired ; the product is the weight required, plus 
the weight of the valve: but if the pressure is to 
be effected through the intervention of a lever, 
then the weight required on the lever is less, equal 
to the number of times the distance between the 
fulcrum and the weight exceeds the distance be- 
tween the fulcrum and the valve. 

28. What is meant by the expression — ^^area'' 
of the valve ? 

The area is the amount of surface exposed to 
the action of the steam whereby to effect a raising 
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of the valve from its seating, and expressed in 
terms as the measurement of its diameter; for 
instance, if the diameter be inches, the -area will 
be square inches; and so of any other-measure in 
\¥hich the diameter is tak^n. 

29. Why square the diam^er of the valve and 
multiply by •7854, to find the area f 

Because the area of a circle whose diameter is 
unity or 1', is to the area of a square whose side 
is unity, as '7854 to 1. If the pressure of steam 
on a square inch be multiplied by '7854, the pro- 
duct is the pressure on a circular inch, in equal 
terms of unity 

30. If the pressure of steam he expressed by the 
circular inch in place of square inchy how is the 
amount of pressure on the square inch to be ascer- 
tained? 

Divide the pressure on a circular inch by -7854 ; 
the quotient is the pressure on that of a square 
inch, in equal terms of unity; or, because 1*2733 
is. the reciprocal of -7854, multiply the pressure 
by that number, and an equal purpose will be 
effected. 
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%\. If a square inch be made the unit of area^ 
whereby to determine the amount of pressure on 
a safety-valve^ and a pound the unit of weighty 
how many pounds must there be attached^ directly^ 
on a valve TJ inches diameter^ to effect a pressure 
of eight pounds per square inch, 

7-25» X .7854 = *1.282 inches, the area of the 
valve, and 41.282 x 8 = 330-256 pounds, includ- 
ing the weight of the valve. 

32. If to effect the above purpose of pressure^ 
a lever of 45 inches in length were applied^ the 
distance between the fulcrum and the valve being 
six inches; what weight must be laid on the end 
of the lever y or what would be the indicated press- 
ure by a spring balance f 

45 ^^ 330-256 ,,,,,,, 
— = 7.5 and — ZTT- = 44.034 lbs. 

Or, 

330-256x6 ^^ ^^ 

7- = 44.034 lbs., as before ; but m 

45 

neither case is the action of the lever taken into 

account, and which ought to be deducted, as well 

as the weight of the valve. 
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83. Suppose a given diameter of valve is re- 
quired to be replaced by two or more, and of dia- 
meters equal or unequal to each other, but in total 
amount of area equal to the first; by what mode 
of calculation is this to be effected? 

All circles are in relation to each other as the 
squares of their diameters; hence,, if the given 
diameter he squared and divided into the various 
required proportions, the square roots of the quo- 
tients give the various diameters required. 

Thus, suppose it were required to form two 
safety-valves, whose united areas equal one of six 
inches in diameter, hut, of the two, the lirea of 
the one to be twice that of the other : 6' = 36 ; 
hut the one is to be twice that of the other ; hence 
it must be divided into three parts ; 36 : 8 = 12, 
and 12 X 2 = 24 : consequently the one must 
contain 12, and the other 24 inches; then v'12 
= 3464, and v^ 24 = 4-899 inches diameter. 

34. Is there no other method adopted whereby 
to test the steam's elastic force in a boiler, than 
by means of a safety-valve ? 

Yes, by an inverted syphon containing mercury 

suflScient to overcome the pressure of the steam; 
3* 
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2*04 inches in height of the column being a coun- 
terpoise to a pressure of one pound ; but as the 
syphon consists of two columns, a rise of about 
one inch, indicated by the mercury in the column 
open to the atmosphere, shows an increase of 
pressure equal to one pound per square inch in 

the boiler. 

* . 

85. Is the indicated pressure of steam ly a 
safety-valve^ or otherwise^ the total amount of effec- 
tive force whereby to produce motion in a steam- 
engine ? 

In those on the non-condensing principle it is ; 
but in a condensing engine, if a perfect vacuum 
is obtained, fifteen pounds per square inch must 
be added; this, however, being unattainable in 
practice, through imperfect condensation, the 
proper amount to be added is fifteen pounds per 
square inch, minus the resisting vapour in the 
cylinder, as indicated by a barometer attached. 

86. What is a barometer ? 

An instrument for measuring the density of 
vapour remaining in the condenser of a steam- 
engine ; it consists generally of a glass tube up- 
ward of thirty inches in length, placed vertically, 
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mth its bottom end sufficiently immersed in a cup 
of mercury, the top end communicating with the 
condenser by means of an iron pipe. When the 
engine is at work, the perfection of vacuum is 
indicated with the rise of mercury in the tube, 
by the atmospheric pressure on the surface of the 
mercury in the cup ; thirty inches in height indi- 
cating a perfect vacuum, but more than twenty- 
eight inches is seldom in practice attained. 

37. What 18 meant hy a vacuum f ^ 
By vacuum is meant a void or empty space ; 

hence, in a condensing engine with a perfect va- 
cuum, steam at fifteen pounds per square inch is 
of equal effect to that of steam at thirty pounds 
per square inch in one of the non-condensing 
principle. 

38. What is meant hy condensation f 

Condensation of steam is the causing of a closer 
approach of its'^particles through the abstraction 
of heat. The steam being admitted into a close 
vessel called a "condenser,'* by means of a com- 
munication with the cylinder or otherwise, its 
superior degree of density expels through a valve 
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the atmospheric air which was therein retained; 
a jet of cold water is then opened to rush in and 
mix with the steam, by which its aeriform proper- 
ties are destroyed, and a vacuum of more or less 
perfection obtained. 

39. Ib there any proportionate quantity of water 
required for the condensation of steam, at a given 
temperature f 

Yes ; the proportionate quantity is as estimated 
by the following rule: — From 1212°, or commonly 
reckoned amount of the latent and sensible, or 
indicated temperature of steam, subtract the 
temperature of the condensed water, divide the 
remainder by the temperature of the condensed 
water minus the temperature of the condensing 
water, and. the quotient is the number of times 
that the quantity for condensation must exceed 
that from which the steam is formed. 

40. What will be the relative quantities of water 
between that of formation and condensation of 
steamy the temperature of the steam being 222*6° 
jPaA., or three pounds above the pressure of the 
atmosphere^ the temperature of the condensing 
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water being at 52°, and the required temperature 
of the water after candeneatian to be 100°? 

1212°— 100° 

-rTT^—-72^ = 23-17 times the quantity of 

water for condensation to that from which the 
steam is formed ; and as per table of the Yolume 
of steam generated under different pressures — one 
cubic foot of steam generated at a temperature 
of 222«6° Fah., requires in formation 1-226 cubic 
inches of water; hence 23-17 X 1-226 = 28-4 cubic 
inches of water at 52° that will be required to 
condense one cubic foot of steam of the given 
temperature to water at 100°. 

41. If steam of high density be employed in a 
steam-engine^ is effective condensation rendered 
more difficult of being obtained? 

No; because, when steam of high density is 
employed, only a small portion of the steam is 
allowed to enter the cylinder, the movement of 
the piston being continued by expansive force; 
hence, the power of the engine is augmented, and 
the steam advantageously lessened in density by 
expansion, or increased bulk. 
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42. What is the difference^ when applied to the 
steam-engine^ between the terms duty and power? 

Duty implies a certain amount of work done 
by a certain amount of fuel without reference to 
time; but the power is the number of times 
83,000 pounds the engine is capable of raising 
one foot high per minute. 

43. What is the amount of advantage in work" 
ing a steam-engine expansively ? 

The advantage of working steam expansively 
is the economizing of fuel, the amount of advan- 
tage being as the quantity of steam save^, minus 

the diminution of mechanical energy by expan- 

• 
sion. 

44. How is the amount of mechanical effect of 
the steam to he ascertained? 

Divide the length of the piston's stroke by the 
distance into the cylinder the dense steam has 
been admitted previous to its being cut off, and 
the hyperbolic logarithm of the quotient is the 
increased efficacy due to expansion, when the force 
of the dense steam is 1. 

Thus, suppose the stroke of an engine equal 
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4^ feet, the dense steam being admitted through 
• 1 J feet : 4-5 -*- 1«5 = 8, the hyperbolic logarithm 
of which is 1«0986, or efficiency due to expansion, 
and 1-0986 + 1 = 2-0986, the ratio of elastic 
force. 

Again, suppose the pressure of the dense steam 
equal 27 pounds per square inch : 4-5 -5- 1'5 = 3, 
and 27 -*- 3 = 9, logarithm of 3 + 1 = 2-0986 X 9 
=!s 18*887 pounds per square inch, ratio of elastic 
force, and 18-887 X 4-5 = 84-99 units of me- 
chanical effect produced throughout the length of 
the stroke. 

45. Sow is the steam's elastic force ascertained 
at^any portion of the stroke after expansion? 

Multiply the force of the dense steam in pounds 
per square inch, by the numerator of the frac- 
tion expressing that portion of the stroke passed 
through when the steam is cut off; divide the 
product by the numerator of the fraction express- 
ing the whole amount of stroke passed through by 
the piston where the estimated force of the steam 
is required after expansion, and the quotient is 
the force per square inch in equal terms of 
unity. 
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Let steam be admitted at 25 pounds per square 
inch, and cut off when the piston has performed ' 
^ths of its stroke ; to find the amount of elastic 
force that the steam will exert at f|ths of the 
stroke : 

— — — = 3'125 lbs. per square inch. 

Or, if steam at 25 pounds per square inch be cut 
off at half the stroke ; to find the amount of elastic 
force exerted at three-fourths : 

25 X '5 

— — — = 16-66 lbs. per square inch. 

46. Suppose steam at a given density is to be 
cut off at a certain pointy so* as to maintain a re- 
quired degree of elastic force at the termination of 
the stroke^ how is that point to be determined t 

Multiply the required elastic force of the steam 
in pounds per square inch, at the termination of 
the stroke, by the length of the stroke in inches, 
and divide the product by the given force of the 
dense steam in pounds ; the quotient is the dis- 
tance from the commencement of the stroke at 
which the steam must be cut off. 

Thus, suppose steam at 20 pounds per square 
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inch, length of stroke 24 inches, and, at the ter- 
mination of the stroke, the steam to have an 
elastic force of 7 pounds per square inch : 

7 X 24 

— — — = 84 inches from the commencement of 

the stroke. 

Again, suppose the above application to be in 
that of a condensing-engine ; it might be required 
to determine how far below "the line of atmJ- 
spheric pressure the steam pressure would indi- 
cate, the dense steam being at 20 pounds per 
square inch, or 5 pounds above the pressure of the 
atmosphere. 

20 X 8-4 * 

— — — = 7 and 15 — 7 = 8 lbs. • below the 
24 

pressure of the atmosphere. 

47. By what means is the steam cut off, where- 
hy to effect any required amount of expansion in 
the cylinder of a steam- engine ? 

By the lap on the steam-slide or slide-valve, 
the steam may be cut off at half, and by an ex- 
pansion-valve, at any point of the stroke re- 
quired. 



88 PRACTICAL BXAMINATOR ON 

48. What is meant hy lap on the steam-slide or 
slide-valve f s 

By the lap of the slide-valve is meant a certain 
additional breadth of its face on the steam-side^ 
more than sufficient to cover the aperture in the 
cylinder when the valve is at half-stroke. 

49. When the point of stroke is given at which 



the steam is required to he cut off by the slide-valve^ 
how is the necessary additional extent of valve-face 
to be ascertained f 

Divide by the length of the piston's stroke in 
inches the distance the piston has to travel when • 
the steam is cut oflf ; multiply the square root of 
the quotient by half the travel of the valve, also 
in inches, and from the product subtract half the 
valve's lead; the remainder is the lap or cover 
required. 

Thus, suppose an engine with a stroke of 36 
inches, the steam being required to be cut off 
when the piston has passed through 234 inches, 
the travel of the valve being 5 inches, and the 
lead one-fourth of an inch. 

36 — 234 = 12-6 inches the piston has to 
travel. 



STSAM AND THB STEAM-ENGINE. 89 

t2-6 
\/-— - = .5916 X 2.5, or half the travel of the 
00 

valve =« 1479 — -125 or half the lead = 1-354 
inches, the lap or cover required. 

50. Suppose the lap^ lead, travel of the valve^ 
and stroke of the piston to he given, and also the 
required point at which ike steam is to be cut off; 
how then f 

Reverse the former rule; thus, to the lap of 
the valve on the steam side in inches, add^ half 
the lead, divide the sum by- half the travel of the 
valve, multiply the square of the quotient by the 
piston*s stroke in inches, and the length of the 
stroke minus the last product equal the distance 
the piston will have travelled when the steam is 
cut off. 

Suppose, as before, that the lap of the valve 
equal 1-354 inches, half the lead '125 inches, and 
stroke of piston 36 inches : 

1-854 + -125 

^ = 1.479^ X 36 =^12.6 and 36 - 

2-6 

12'6 = 234 inches the piston will have travelled 
when the steam is cut off. 
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51. What is meant hy the lead of the valve f 
The lead is what the steam aperture is open, 

for admission of the steam when the 4)iston is at 
the top or bottom of the cylinder, and about to 
commence the returning stroke. 

52. What is the travel of the valve ? 

The travel of the valve is an amount of move- 
ment caused by the eccentric through the inter- 
vention of levers or otherwise ; and in total extent 
equal the width of the two steam openings, plus 
the lap of the valve over each opening. But in 
direct-action engines, standing vertically, the lead 
is necessarily greatest for the up stroke, in order 
to counteract, in some measure, accelerated motion, 
which the weight of the piston, in falling, tends 
to obtain. 

53. And what is an eccentric ? 

An eccentric is a circular pulley whose centre 
of revolution is more or less distant from its cen- 
tre of formation ; and by means of a surrounding 
hoop, in which it revolves, an alternate recipro- 
cating movement is obtained to the valve through 
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uniform circular motion of the crank-shaft. The 
degree of eccentricity or extent of throw given by 
an eccentric is equal to twice the distance between 
its centres of formation and revolution, and when 
practicability will admit, equal to the travel of 
the valve. 

54. When the throw of eccentric and travel of 
valve are unequal^ so as- to cause a weigh-shaft 
and intervention of levers^ how jare the various 
lengths of levers obtained ? 

For eccentric* lever, multiply the throw of 
eccentric by length of valve lever, and divide by 
travel of valve. 

For valve lever, multiply the travel of valve by 
eccentric lever, and divide by throw of eccentric. 
Thus, suppose the throw of an eccentric equal 4 
inches, travel of valve 8 inches, lever on weight- 
shaft, to which valve-spindle is attached, twelve, 
inches. 

4 X 12 -^ 8 = 6 inches, length of lever for 
eccentric rod. 
Or 8 X 6 -^ 4 = 12 inches, length of lever for 
valve-spindle. 

4* ' ^' 
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55. If any doubt exist relative to an eccentric 
rod being of an improper lengthy when in its work- 
ing situation on the engine^ how is its accurasy or 
inaccuracy to be tested? 

Place and secure the valve at half-stroke by 
means of the packing or otherwise, bring the 
eccentric round upon .the shaft to either extremity 
of throw, mark upon the rod the centre or dia- 
meter of the stud in the weigh-shaft levei*, turn 
the eccentric round to the other extremity, and 
mark the stud upon the rod there also. If the 
receptacle in the rod for the stud be immediately 
equidistant, the rod is of a proper length; but 
if not, the rod must be lengthened or shortened 
equal to half the deviation observed. 

66. It is essentially necessary^ no doubt, that 
the various rods in a steam-engine, by which to 
communicate motion from one point to another, be 
in length to the greatest degree of exactitude ; hotv 
are the dimensions of length for the principal rods 
thus to be determined? 

The proper length for the connecting-rod of a 
beam-engine, is the perpendicular distance be- 
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tween the centre of the beam and centre of fly- 
'9^'heel shaft. 

The proper length for the side-rods of a lever- 
engine, is the perpendicular distance between the 
centre of lever and centre of piston cross-head 
at half-stroke. 

The proper length for connecting-rods of direct- 
action engines, is the distance between the centre 
of orank-axle and centre of piston cross-head at 
half-stroke. 

The proper length for an eccentric-rod, is the 
distance between the centre of fly-wheel shaft, or 
centre of revolution, and centre of stud in traverse 
shaft, when the valve is at half-stroke. 

57. In speaking of an engine where tJie motion 
of the piston is communicated hy means of a beam 
vibrating upon an axis, or by side-levers similarly 
actuated^ what is to be understood when stated 
that the centre of the cylinder must be set half the 
versed sine in toward the centre of the beam f 

By versed sine is meant the difference between 
a straight line and that of a curved line, described 
by the centre of the stud in the end of the beam 
when moved through the whole stroke ; hence the 
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centre of the cylinder must coincide with half the 
distance between the chord and its arc as describ- 
ed by the beam. 

68. Knowing the radius of the learn and the 
length of stroke^ how is the versed sine to be ascer- 
tained? 

The versed sine is J;he difference between the 
base and hypotenuse of a triangle, the hypotenuse 
being the radius of the beam, and the perpendi- 
cular of the triangle half the length of stroke; 
hence the rule : — 

To the radius of the beam add half the length 
of stroke, multiply the sum by their difference, 
and the square root of tlie product subtracted 
from the radius of the beam, equal the versed 
sine. 

Thus, suppose an engine with an equal-ended 
beam 14 feet in length, and the stroke of the 
piston five feet, what is the vexsed sine? 



7+2.5=9.6 and 7-2.5=4.6: then V'9.6x4.6 
= 6.58 and 7 — 6.58 = .6 of a foot, the versed 
sine. 

. 69. But how is it to be ascertained what portion 
of a foot the above remainder is, in our common 
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mode of measurement hy inches^ or twelfths of a 
foat? 

Multiply the decimal by 12, and the whole 
number, if any, is inches ; and again multiply the 
remaining decimals by 8, the whole number, if 
any, is eighths, '&c. 

60. Sow is the parallel motion, in an engine^ 
with' regard to accuracy or inaccuracy y to he tested 
and adjusted f 

At half-stroke, if the piston-rod remain freely 
by the motion's guidance in the centre of the 
cylinder, and at the same time the parallel and 
radius bars parallel with the centre of the beam 
or side-levers, then may be concluded that they 
are each of a proper length, and that the radius- 
shaft or studs, as may be, are in their proper 
situations ; — praise and lower the piston to the full 
extent of the stroke ; and if, at both top and bot- 
tom, the cross-head is thrown outward from the 
centre of the cylinder, the stud in the beam or 
lever, which gives proper movement to the radius- 
bars, is too far out from the centre of the beam ; 
but if, on the contrary, the cross-head be inclined 
toward the centre of the engine, then the stud is 
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tiot of sufficient distance from the centre of the 
beam, and must be set out accordingly. 

61. Sow is the proper amount of velocity deter- 
mined for the piston of a steam-engine ? 

There are various rules used by which to obtain 
the most beneficial velocity to produce a maximum 
of useful effect; but 128 times the cube root of 
the length of stroke, as the velocity in feet per 
minute, is perhaps a rule equally simple and effi- 
cient to that of any other ; thus, suppose an engine 
with a stroke of 5 feet : 

^ X 128 = 218-86 feet velocity per minute. 

62. How is the effective power- of an engine 
properly estimated? 

The power of an engine may be readily com- 
puted by the following rule :- — Multiply the area 
of the piston in square inches, by the uniform 
force of the steam in pounds per square inch 
throughout the whole stroke, and by the velocity 
of the piston in feet per minute ; deduct from the 
product 2J ppunds per square inch for friction, 
&c.. divide the remainder by 33,000, and the 
quotient is the actual effect of the engine express- 
ed in terms of horse-power. 
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Suppose an engine with a cylinder of 40 inches 
diameter, the piston's velocity 240 feet per mi- 
nute, and steam at 12 pounds per square inch of 
uniform elastic force : 

402 X .7854 = 1266.64 inches area, and 12 lbs. 

« . n r , 1256-64 X 9-5 x 240 ^^ ^^ 
-2.5 = 9.5: then ^^^^ ^86-52 

horse-power. 

63. ITow is the degree of uniform elastic force 
of the steam in the cylinder most readily obtain-^ 
ed? 

The most efiScacious and also the most simple 
mode is through the application of an indicator, 
now an instrument so well known that comment 
upon its construction is unnecessary; its proper- 
ties are those of describing by a pencil upon 
paper, a figure or diagram approximating in form 
that of a rectangle, subject to deviation of form 
with the merits or demerits of the engine's pro- 
ductive effect.* The mean breadth or height of 
the figure is the elastic force of the steam in terms 
as the scale of the indicator, the length is the 
amount of revolution given to the paper on which 
the diagram is described during the piston's per- 
formance of its stroke. 
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64. How u an application of the indicator 
effected? 

The usual mode of application is by screwing 
the indicator into the cylinder cover, and obtain- 
ing the required movement to the paper by means 
of a small line attached to one of the radius-rods ; 
but such application cannot always be effected, 
particularly in marine-engines ; hence, other parts 
of the engine having a relative movement to that 
of the piston must of necessity be resorted to; 
and, if required, because of the motions of the 
parts of the engine selected and that of the indi- 
cator being unequal, a pulley and axle may be 
introduced, so as to qualify the various movements 
and render them suitable to each other as com- 
pulsion may dei?iand. 

65. By what means is the diagram obtained? 

The indicator being fixed and the movement 
of the paper properly adjusted, the pencil at the 
same time having its point pressed upon the paper 
by the spring, all6w the engine to make a few 
revolutions previous to opening the cock, by which 
means a horizontal line is traced upon the paper, 
and distinguished as the atmospheric line, because 
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it is a line of distinction between the force of the 
steam Above that of atmospheric pressure, and the 
force of the steam rendered available by the ex- 
tent or quality of the vacuuin obtained by ^eans 
of the condenser. Open the cock, and if the en- 
gine be upon the descending stroke, the steam in 
the cylinder will instantly raiae the piston of the 
indicator, and by the motion of the paper, the 
pencil still pressing thereon, the top side of the 
diagram will be described. In the ascending 
stroke, and during the time that the bottom side 
of the diagram is being traced, the piston of the 
indicator, by the surrounding atmosphere, is 
pressed down below the atmospheric line to some 
point on the scale or index, approaching the indi- 
cation of a pure vacuum in proportion to t^e den- 
sity of the resisting vacuum in the cylinder, and . 
the degree of rarefaction of the air in the engine- 
room, which ought to be carefully notified. The 
up-stroke having terminated, the diagram is com- 
pleted ; hence is delineated the mean elastic action 
of the steam above the atmospheric line, and also 
the mean extent of the vacuum underneath it; or 
perhaps, more properly, the amount of available 
effect of the steam obtained through the removal 
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of atmpspheric pressure by means of the con- 
denser. 

66. In the following diagramy how are the 
various deviations from that of a rectangle to he 
explained or accounted for f 

From c to /, steam of equal density is conti- 
nued. At / the steam is cut off, and from/ to d 
the piston is impelled by the steam's expansive 
force. At d the upper eduction-valve opens. At 
g the downward stroke is completed, and at r the 
valve begins to open. Any rounding of the dia- 
gram at 6», or starting corner, shows a defect from 
want of suflScient lead being given to the valve; 
and rounding at g shows a defect, by the eduction 
j)assages being too small. 
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The line under the diagram and parallel to the 
atmospheric line is ^ths distant, and represents 
the perfect vacuum-line, the space between show- 
ing the amount of force with which the uncon- 
densed steam or vapour opposes the ascent or 
descent of the piston at every part of the stroke. 

67. Sow is the uniform force of the nteam esti- 
mated from the diagram taken f 

Divide the diagram in the direction of its 
length into any convenient number of equal parts, 
through which draw lines at right angles with the 
atmospheric line, add together the lengths of all 
the spaces taken in measurements corresponding 
with the scale on the indicator, divide the sum by 
the number of spaces, and the quotient is the 
mean effective pressure on the piston in pounds 
per square inch. 

Thus, the diagram taken shows an effective 
pressure of steam above the atmospheric line, of 
6*28 pounds per square inch, and an effective 
pressure of 12'2 pounds underneath, or a uniform 
effective force of 1848 pounds per square inch on 
the piston; hence, suppose the engine to. have a 
cylinder of 70 inches in diameter, and the piston 
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moving at a velocity of 231 feet per minute, the 
effective power of the engine may be estimated as 
follows : — 

1848 — 2»6 = 15-98 pounds per square inch, 

after deducting 2-5 pounds for friction, &c., then 

70' X -7854 X 231 x 15 98 _ :^4204929'914 _ 

33,000 ~ 33,000 "" 

400*146 horse power. 

68. The relative volumes of steam and water 
being known, also a given quantity or. ,vohime of 
steam expended in a given time, what will be the 
amount of water evaporated for the volume of 
steam expended? 

Rule. — To the temperature of the steam in de- 
grees of Fah., add 459, multiply the sum by 76, 
divide the product by the elastic force in inches 
of mercury, and the quotient is the volume of 
steam compared with the volume of water. 

Ex. — Suppose 500 cubic feet of steam at a tem- 
perature of 240«7° be required for an engine per 
minute, the quantity of water in theoretical esti- 
mation necessary for the production of that amount 
of evaporation is 240'7° = 51 inches of mercury 
elastic ibrce. 
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240-7 + 459x76 53177 . ^^ , 

— = — --— = 1042-7 volume 

ol 51 

of steam to one of water. 

And at the common atmospheric pressure one 

cubic inch of water produces about one cubic foot 

of steam, and at all pressures bears a relative 

. ^ . ^„ ^ 1728x500 

proportion; hence it follows that — ^^ = 

864000 
-tr^AQ^rj ■" 828«6 cubic inches of water required. 

Or, from the table of steam generated under 
different pressures, steam at a temperature of* 
240-7°, the cubic inches of water in a cubic foot 
of steam equal 1-658; hence 1-658x500 = 829 
cubic inches of water. 

69. For a Bteam-engine^ is the preceding rule 
applicable by which to determine the capacity of 
feed-pump for a boiler f 

No ; it is merely the quantity of water evapor- 
ated in theory; practice shows leakage, priming, 
and other contingencies to provide against; hence 
the feed-pump ought not to be less than three and 
a half times the estimated capacity for theoretical 
evaporation. The capacity for a feed-pump is 
obtained by the following rule:— 

5* 
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Multiply the capacity of the cylinder in cubic 
inches by the total pressure of the steam in pounds 
per square inch, divide the product by 4800, the 
quotient equal the capacity of pump in cubic 
inches. 

Ex. — Suppose a condensing engine with a cylin- 
der 33 inches diameter, and a stroke of five feet, 
or 60 inches, the total pressure of steam 21 pounds, 
or six pounds above the atmospheric pressure, 
what must be the pump's capacity? 
332 X -7854 X 60 X 21 1077678 



4800 4800 

cubic inches. 



224.5 



70. That being the proper capacity ^ how are the 
dimensions of pump tested or determined f 

If the length of the stroke is given, divide the 
capacity by the stroke in inches, and the square 
root of the quotient multiplied by 1.12837 equal 
the diameter in inches. . 

Ex. — Supple the capacity of a pump to be 

224*5 cubic inches, and an unchangeable length 

of stroke of 11 inches given, to find the necessary 

diameter. 

224*5 

-—— = ^/204x 1.12837= 5.1 inches nearly. 
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224'S 
Or, 5.1* X 7854 « 20428 and —-— = 11 inches 

length of stroke. 

71. At what temperature 6ught the condenser 
to he kept, or otherwise, at what temperature ought 
the condensed water to be delivered into the hot 
well of a condensing engine, -that the engine may 
produce a maximum of effect by condensation ? 

At 100°, when the water for injection is not 
less than 50°. But if a reduction of temperature 
can be obtained by the use of colder water, then* 
a better effect will be produced when the con- 
densed water is delivered at about 80°. For a 
land condensing engine, the capacity of the cold 
water pump commonly is one forty-eighth the 
capacity of the cylinder. 

But suppose the temperature of the injection or 
condensing- water to be 32° and 80° respectively, 
the relative proportions of each for condensation 
to maintain the condenser at 100° will be, 100° 
-80°= 20, and 100° — 32° = 68; consequently 
the available temperatures of the waters to con- 
densation = 20° and 68°, or the quantities for 
injections are as 20 to 68, and in like proportion 
at any other given temperature. 
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72. When the injection orifice in a steam-vessel 
becomes by any means choked up, the usual m^de 
adopted for clearing is that of blowing through by 
the force of the steam; how is the necessary force 
of the steam to be ascertained? 

A column of water whose base equal one square 
inch and height one lineal foot is 434 pounds, 
hence multiply 434 by the depth in feet from the 
surface of the water to the centre of the pipe, and 
the product equal the pressure of steam in pounds 
that will equipoise that column; but an over- 
whelming force of two or three pounds must be 
applied by which to remove the obstruction. 

73. Suppose a steam-vessel to be propelled 
through the water at a certain rate of speed by a 
known amount of power ; how is the proportion- 
ate increase or decrease of speed ascertained by 
any other amount pf power given f 

The power required to propel a vessel through 
the water is as the cube of the velocity; hence, 
if 300 horses' power propel a vessel at a velocity 
of 9J knots per hour, the velocity by 460 horses' 
power' will be 



3/ 9-53x460 M 385818 _^^, ^ , 

/ = / = 10-87 knots per hour* 

N QOO V ,qoO '^ 
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74. Ji the increase or decrease of fuel with a 
difference of the vesseVs speed as the cube of the 
velocity also? 

No; stean- vessels, to be propelled at an in- 
creased velocity through the water, require an 
augmentation of fuel equal to the square of the 
increased speed, multiplied by the distance steam- 
ed, or to be steamed over ; hence, suppose 80 tons 
of coal be a sufficient quantity for a voyage of 
1000 miles, at a speed of eight knots per hour, 
the^ quantity requisite to complete a distance of 
1500 miles at a speed of ten knots per hour, will 
be— 

8^•102::80:125, and 1000:125: : 1600: 187-5 
tons. 

Again : Suppose 400 tons of coal be a sufficient 
quantity for generating steam at a rate of ten 
knots per hour, at what rate per hour ihust the 
vessel steam, so that 300 tons will complete the 
voyage ? 

400 : 10^: : 300 : 75, and ^/75 *= 8-66 knots per 
hour. 

75. The distance run or passed over hy vessels 
at sea is commonly computed in knots or nautical 
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miles of 2028 i/arda, English^ the statute mile 
leing 1760; 9-84 knots are nearly equal to 11«34 
statute miles. Hence, if a vessel be going at a 
rate of 8J knots per hour, how manu English or 
statute miles is that corresponding to ? 

9.84 : 11.34 : : 8-5 : 9-79 miles, or 1-1522 x 8-5 
=s 9.79 as before. 

But the knot sometimes causes confused esti- 
mation of a vessel's speed or distance run, because 
of its length being made to depend upon the length 
of a^ measured degree on the earth's surface, which 
varies in different latitudes, as under : 

The length of a degree as measured at 

Peru . . . 0° equators 68-7321 J f = 2016-17 yards. 
United States 30° 12' 0" = 68-896 S| ;= 2020-96 
Rome . . 42^69' 0^ = 68-998 !« ^2023-94 
France . . 440 6C 0"== 69-064 "| " ,= 2025-68 
England . 61° 29' 44" = 69-146 |^| =2028-28 
Sweden . . 66° 2C 10" = 69-292 J I [ = 2032-56 

76. Jtelative to a screw for the propelling purr 
pose of a steam-vessel, how is the pitch ascertained 
from the dimensions that are left accessible after 
a considerable portion of the helix being cut awayf 

From the square of either blade's extremity 
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subtract the square of either's height, and the 
square root of the remainder is to the height as 
the circumference of the screw is to the pitch or 
lineal distance passed through by one revolution, 
providing there was no slip. 

Suppose the section of a screw as follows: — 
Breadth at eitremity of either blade 4 J feet; 
height, or twist of each, If feet; and diameter 
13 feet: 



v^4.5^- 1.75»= 4.13, and 13 X 3.1416 = 4084 ; 
hence 3-13 : 1-75 : : 40-84 : 17-3 feet, pitch of the 
screw. 

77. The revolutions and pitch of a screw being 
known, and also the speed of the vessel, how is the 
amount of slip ascertained f 

If the speed of the vessel is observed in knots 
or nautical miles per hour, multiply the pitch of 
the screw in feet by the number ^of its revolutions 
per minute; subtract from the product 101.5 times 
the speed of the vessel in knots per hour, multiply 
the remainder by .00985, and the product is the 
loss by slip per hour in equal terms of unity. The 
same rule is equally suitable if observed and re- 
quired in English statute miles, only instead of 
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101-5 the speed, take 88; and instead of multi- 
plying by -00985, multiply by -0114. 

Thus, suppose the pitch of a screw propeller 
equal 13 J feet, the number of revolutions being 
70 per minute, and it is found that the vessers 
speed is 8 knots an hour, the amount of slip will 
be the following : — 



13-5 X 70 - 101-5 X 8 = 133 X -00985 = 1-29 
knots slip per hour. Again, if the speed be 
taken in statute miles : — 

135 X 70 - 88 X 8 = 241 x -0114 == 2-74 
niiles slip per hour. 

78. When any curve or portion ^of a circle is 
giveny how is the corresponding radivs obtained f 

Rule. — Take any length of straight line, or 
chord in the curve, and to the square of half its 
length add the square of the height, or versed 
sine, divide the sum by twice the versed sine, and 
the quotient is the radius. 

Ex. — Suppose a portion of a paddle-wheel ring, 
in which a line may be stretched 5 feet in length, 
and the height from the line to the ring measuring 
2| inches, what is the radius ? 
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# 

.... 30« + 2-5^0 906-25 

feet = 60 inches and —r-^ — = — - — = 

2-5x2 5 

181 -25 inches, or 15 feet IJ inch radius. 

79. Coals in quality vary considerably for the 
economic production of steam; thus^ 1 lb. of the 
best Welsh is capable of evaporating 9A9lbs. of % 
water; 1 lb. of the best Newcastle^ 9*01 lbs. ; and 
Derbyshire^ only 6*77 lbs. : th^dverage capacity in 
steam-vessels for stowage of fuel^ is from 45 to 48 
cubic feet per ton. Now, supposing by measure- 
ment there be found remaining in the boxes 168| 
tonSy and the average consumption 22J cwt. per 
hour — how many hours* steaming ^ay there be 
expected from that quantity, at an equal ratio of 
expenditure? and how many tons of Newcastle 
coals must be supplied, by which to produce equal 
amounts of effect ? 

168-75 X 20 337-5 

= = 15 hours, 

22.5 22.5 

and 9.01 : 837-5 : : 9.49 : 177-735 tons. 

Scotch and Welsh coals, in a state for fuel, re 

quire, per ton about 44 cubic feet capacity for 
6 
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stowage ; and Newcastle coal, in^a similar state, 
46 cubic feet. 

80. What is meant generally hy the term com- 
bustionf 

Combustion, under ordinary circiunstances, 
means, chemical union of combustible matter 
with oxygen at a suflSciently elevated temperature 
for the generation of heat. Ignition, spon- 
taneously or mechanically, is the source through 
which increased temperature is incited, and 
oxygen is the matter by which combustion is 
supported. 

Any combustible substance employed compaonly 
for the purpose of creating and maintaining heat, 
is termed fuel ; but coal, of which there are many 
varieties, is the principal substance as fuel used 
in this country, the following of which are the 
mean of . compositions per cent, from different 
localities. 

Spedfle Amount per cent of 

gnvily. Carbon. Hydrog. Nitrog. Sulpb. Oxygen. Ash. 

1.279 8040 6-29 6-04 1-34 7-67 4-05 
8 pounds of fresh water, evaporated from 
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212° Fah. by 1 pound of coal, is the aterage 
quantity. 

81. What are the effects of heat upon liquid 
substances generally f 

1. Liquefaction, — as the conversion of ice to 
water. 

2. Expansion, — as the increased bulk of water 
from 39° to 212° Fah, 

3. Vaporization, — as the change .of water to 
steam by excess of caloric after 212° ; or any 
other boiling-point to which it may be exposed by 
constrained pressure. 

82. What are the effects of cold upon liquid 
substances generally ? 

1. Liquefaction,— as the condensation of steam 
through abstraction of heat by cold water. 

2. Contraction, — ^as the reduction of steam as 
a vapour to water as a liquid. 

3. Solidification,^as the change which water 
undergoes by reduction of temperature — ^namely, 
from a liquid to ice in a'solid state. But water 
from a liquid to that of a solid state is an excep- 
tion to effects produced upon bodies generally; 
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for at 39° Fah. water is at its greatest degree 
of density, or l-OOOOO ; whereas, at 32°, or point 
of freezing, its bulk is increased to 1-00012. 

83. Mre vapours^ liquidsy and solids expanded 
regularly hy regular increments of heat ? 

Atmospheric air, gases, and vapours generally, 
expand regularly with every increase of tem- 
perature, or are similarly augmented in elastic 
force, if enlargement of bulk be prevented. 
Hence, whatever amount of expansion will arise 
by an increased temperature of 12°, half as 
much will arise from an increase of 6°, twice as 
much from 24°, &c. ; but neither liquids nor solids 
follow this law. Thus, when water is 



at 40° 


Fah. its density equals . 


. 1-00000 


86 


<< it is expanded to . 


. 1-00327 


126 


It a « 


. 1-01162 


212 


. « « « 


. 1-04012 



Again, mercury expands from — 

32° to 212° Fah. -018099 ^ _ ^ 

( The original 

212 *« 392 " .018184 j. buik b«ing i, 
392 « 572 " .018870 J "'^'^- 
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Gla«s rod in linear dimensions expands from 
unity or 1^0000 : 

82 to 212° Fah. 1.000861 
212 " 892 « 1-000918 
892 « 672 « 1.001011 

And the length of the following metala at 62^ Fah. being 1-000000 : 
Iron, cast at 212° Fah. = l-00089a-at 062° = 1-003943, fiulng-point 1016389. 
Copper, « =1001430 « =1006347, « 1-024376. 

Zinc, «* =1002480 « =1-008627, « 1-012621. 

84. For practical or engintering purposes, how 
are metals ranged in regard to their power of eon- 
ducting heat f 

In the following order and ratio : — 

Copper being . . . 1-000 

= 416 
«= 406 
-. .338 
= .200 

85. For practical purposes, as that of retain- 
ing heat in pipes, ^c, what are the worst con- 
ductors f 

Stones, bricks, earthenware, glass, lint, sheep's 

wool, raw silk, and fur, are successively lower 

'than each other in conducting powers. 

6* 



Iron 


a 


Zinc 


u 


Tin 


(( 


Lead 


u 
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86. What w meant by radiation of heat ? 
.By radiation of heat is understood the heating 

eflfects produced by direct rays from a hot body 
through space, as light is from thg,t of a luminous 
body; the diminution of effect being as the 
square of the distance receded from; hence, if 
at any given distance a certain power of heat is 
produced, at twice that distance the power of 
effect will be one-fourth, and at three times tlie 
distance one-ninth, &c. 

87. What is meant hy the appellation specific I 
heat? ' I 

Specific heat — formerly capacity for heat — is | 

a term applied to the quantity of caloric any | 

substance can absorb or give out, by undergoing I 

a change of temperature ; the amount being de- ' 

termined by relation of quantity which a sub- 
stance of another kind, as water, absorbs or gives 
out by a like change. Thus, the quantity of 
heat required to raise oil two degrees, will only 
raise water one. Hence, a pound of water at 
212^ is said to contain twice as much heat, or. to 
have twice the capacity for heat, as that of oil. 
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The specific heat of Water being . 


. 1.000 


« specific heat of Oil = . 


, 0.520 


ti a 


Iron = . 


. 0.112 


a a 


Copper = . 


. 0.095 


U ti 


Zinc = . 


. 0093 


a a 


Mercury = . 


. 0.029 
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88. How is the amount of effect by an increase 
of caloric in steam after being separated from the 
water of formaiion^ estimated? 

It has been ascertained by experiments, that 
steam to which heat is applied, after being sepa- 
rated from the water of formation, is subject to 
the same laws of expansion as atmospheric air 
and gases generally ; the increase in volume from 
unity being 1.375 for 180 degrees of elevated 
temperature ; hence the rule — 

To the temperature, both before and after ex- 
pansion, add the constant number 459, divide the 
greater sum by the lesser, multiply the quotient 
by the volume at the lower temperature, and the 
product is the expanded volume. 

Ex. — If the volume of steam prodfeced from 
water, at 212° Fah., be 1711 times the bulk of 
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« 

the water from which it is produced, what will be 
its volume at the temperature of 250*3 degrees, 
supposing the pressure to be the same in both 
cases ? 

250-3 + 459 * 709-3 



212 + 459"" 671 



X 1711 = 1808-66. 



89. Suppose the safety-valve on a steam-boiler is 
9J inches diameter, and loaded with a cylindrical 
weight of cast-iron 12 inches in diameter and 20 
inches in depth, required the pressure to which the 
boiler is loaded in pounds per square and circular 
inch. 

9.52 = 90«25 circular inches 1 in the 
90-25 X .7854 = 70-88 square « J valve. 

1 cubic inch of <3ast-iron = -2608 pounds ; sp. 
gr. 7207. 

12« X .7854 X 20 X -2608 = 589-88 pounds, 
the weight. 

Hence, 589-88 -i- 70-88 = 8-8 pounds per 
square inch. 

And 589.88 -J- 90-25 = 6-5 pounds per cir- 
cular inch. 
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90. The upper tide of an equUihrium-valve is 

10 inches diameter^ and the lower one 9 J inches ; 

what force must he exerted to open ity when the 

steam has a pressure of 20 pounds above the 

atmosphere ? 

10^ X .7854 = 78.54 1 c x. ^ 

>,r... ^^ ^^ ?^ a-rea of each valve. 
9*52 X .7854 = 70.88 J 

20 + 15 = 35 pounds total pressure of steam 
per square inch. 

78.54x35 = 2748.9 

70.88 X 35 = 2480.8; hence 2748-9 - 2480-8 
= 268.1 pounds. 

91. What relation^ in regard to capacity^ does 
the cylinder^ the sphere^ and the cone, hear to the 
cube? 

If the cube be considered 1; — the cylinder 
equal .7854 ; — the sphere .5236 ; — and the cone 
•2619. Or, if the cube be the cubic foot which 
contains 1728 cubic inches : — a cylinder 12 inches 
diameter, and 12 inches in height, contains 2200 
cylindrical inches; a sphere 12 inches diameter 
contains 3300 spherical inches ; and a cone, the 
base of which is 12 inches, and perpendicular 
height 12 inches, contains 6600 conical inches. 
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92. If the capacity and density of a body is 
knottmj how is any other relative capacity or den- 
sity obtained f 

By the rules of mensuration, and tables of 
specific gravities. 

93. If the capacity of a cylinder is to be 9660 
ctibic inches, the depth being 42 inches, what must 
be the diameter f 



1 9660 / 9660 

^ 42 X -7854 ■" ^ 32-98 



17*12 inches diam. 



94. Required the weight of any irregular body, 
which floats in fresh water, and displaces 2003*75 
cubic inches f 

1 cubic inch of fresh water = •03617 pounds. 
And 2003.75 X .03617 = 72475 pounds in 
weight. 

95. A cistern, 10 feet diameter and 8 feet deep, 
is capable of containing 1468*38 gallons; how 
much must its depth be augmented^ so as to render 
it capable of containing 2000 gallons f 

1468.38 : 3 : : 2000 : 4-087 feet in depth. 
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96. The weight of a ball of cast-iron^ 9 inches 
in diameter^ is 100*37 pounds ; what must be the 
diameter of a leaden ball of equal weight ? 

Specific gravity of cast-iron = 7-207' 
« « lead = 11-362 

hence 7207 : 9^ : : 11-352 ^466 = 7-76 inches di- 
ameter, 

97. What are the general laws of fluids in re- 
gard to weight and pressure ? 

The ireight of a fluid is as the quantity, but. 
the pressure exerted is as the vertical height ; 
hence, any ^vessel containing a fluid sustains a 
pressure equal to as many times the weight of the 
column of greatest height of that, fluid, as the 
area of the vessel is to the transverse sectional 
area of the column. 

98. If a conical vessel whose vertical height is 3 
feet, and the diameter of its base 2/eef, be placed 
upon the ground^ and filled with fresh water ^ what 
will be the pressure on the base, in pounds f 

Weight of a -column of fresh water, 1 inch di- 
ameter, and 1 foot in height = -341 pounds, and 
24^.=: 576, hence -341 x 576 = 589-248 pounds. 
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99. Each Me of a cubical iron tank in which 
tallow is keptj measures 36 J inches; required to 
know the number of pounds remaining j when at 
18 inches in depth — the tallow having been heated 
sufficient to render it compact as one solid tnass. 

Specific gravity of tallow = 942 — 1 cubic 
inch = '034 pounds. 

Hence, 35»6 X 35-5 = 1260-26 square inches. 
And 1260.25 x -034 x 18 = 771-27 pounds. 

100. A similar tank, -with 2§ inches of oil in 
depth ; how many imperial gallons ? 

An imperial gallon = 277-274 cubic inches — 1 
cubic inch = -003607. 

Hence, 1260-25 X -003607 x 23 = 104-65 
gallons. 

101. Because of the weight of paddle-wheels in 
steam-vesselsy and the difficulty of properly lubri- 
cating the outer end of paddle-shafts, the bearings 
frequently wear down, and consequently the shafts 
become not in one direct line; now, tdhen such 
takes place, how is the proper thickness of lining 
obtained, or how much must the outer end of shafi 
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he raisedy so that the shafts may again be brought 
to their proper lineahle position f 

Set the engine either at top or bottom stroke ; 
measure the distance between the cranks as near 
the extremity of length as convenience will ad- 
mit ; torn the engine round to the other extremity 
of stroke, and then at the same point on the 
crank take also their distance. Obtain the length 
of paddle-shaft from face of crank to outer bear- 
ing, also the length of crank from centre to that 
point on its face where their distance between 
was taken ; then say, as the distance from centre 
of crank-shaft to point where the distance be- 
tween cranks has been taken, is to the difference 
of distances between the cranks at top and bot- 
tom strokes, so is the length of paddle-shaft to 
half the thickness of lining required. 

Ex. — Suppose the length of a paddle-shaft 
from face of crank to face of outer bearing 
equal 16 feet 3 inches, and the length on face of 
crank from centre of shaft to where the distance 
between cranks was taken equal 2 feet 8 inches, 
the difference of distance between crank at top 
and bottom three-eighths of an inch, what is the 
outer end of shaft donim, and what thickness of 
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liner will be required under the brass^ so a& to 
bring the shafts in a direct line ? 

16 feet 3 inches = 195 inches, and 2 feet 8 
inches » 32 inches. 

Hence, 82 : 37-6 : : 195 : 1-676 -ir 2 :* ^838 
inches. 

102. What 18 meant hy proper lubrication f 

By proper lubrication is implied a sufficient 
supply of unguent ^patter to a revolving or other- 
wise moving body, whereby to diminish friction, 
and prevent abrasion by interposition between 
the moving and stationary surfaces. 

103. What are the common known lawn of 
friction f 

1. When no unguent is interposed, the friction 
of any two surfaces (whether of quiescence or of 
motion) is directly proportional to the force with 
which they are pressed perpendicularly together ; 
so that for any two given surfaces of contact 
there is a constant ratio of the friction to the 
perpendicular pressure of the surface upon the 
other. 

2. When no unguent is interposed, the amount 
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of the friction ia, in every case, wholly inde- 
pendent of the ext^it of the surfaces of contact ; 
so that the force with which two surfaces are 
pressed together being the same, their friction is 
the same, whatever may be the extent of their 
surfaces of contact. 

3. That the friction of motion is wholly inde- 
pendent of the velocity of the motion. 

4. That where unguents are interposed, the 
amount of friction depends more upon the nature 
of the unguent, and upon the greater or less 
abundance of the supply, than upon that of the 
surfaces in contact. It has been ascertained by 
experiments, that with a continuous, interposed 
stratum of hog*s-lard and oliveroil, between wood 
and wood, metal on wood, and metal on metal, in 
motion, the amount of friction is nearly an equal 
quantity ; but to render an unguent of proper 
efficiency, the nature of such substances used 
must be measured by the pressure or weight 
tending to force those surfaces together. 

104. Wherij by any mode of measure^ it is (Mcer^ 
tained that, for condensation of steam, an engine 
requires 93 gallons of water per minute, the num- 
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her of strokes of the engine being 25 per minute^ 
what diameter of pump will he necessary y suppos- 
ing the pump^s length of stroke to he two feet three 
inches f 

1 gallon ss 353 circular inches — 2 feet 3 iQches 

» 27 lineal inches. 

353 X 93 32829 
And 27x25 = 975; hence — ^3i — « -rzT- 

o7o o7o 



■■ ^48«64 =s 6*97 inches diameter. 

105. What is any common rule through which 
to ascertain^ hy calculation, the proper capacity 
of a cold-water pump for a stationary condensing 
engine f 

Rule. — Multiply the square of the cylinder's 
diameter in inches by the length of the stroke in 
feety and by the decimal -5, the product is the 
capacity of the pump in cylindrical inches. Or, 
if the capacity in cylindrical inches be multiplied 
by '00284, the product equal the capacity in im- 
perial gallons. 

Ex. — Suppose an engine with a cylinder 60 
inches in diameter, the length of stroke 5} feet, 
required the proper capacity for a cold-water 
pump. 



STEAM AND THE STBAM-ENGIKE. 77 



60«x 5.6 =19800x.5 ='9900 cylin-" 
drical inches 

And 9900 x -00284 = 28.116 impe- 
rial gallons ' 



Capacity. 



106. Sow 18 the capacity of an air-pump deter-- 
mined for condensing engines f 

Rule. — Multiply the square of the cylinder's 
diameter in inches Ly the length of the piston's 
stroke, alsg in inches, and by •142, the product 
equal the capacity of air-pump in cylindrical 
inches. 

Ex. — Required the capacity of air-pump for an 
engine with a cylinder 45 inches in diameter, and 
a stroke of four feet ; also, what will be the dia- 
meter when worked at two-thirds from the centre 
of the beam or side-levers, half the length of 
which^qual six feet three inches. 

45* X 48 = 97200 x -142 « 138024 cylindrical 

inches capacity. 

75 X 2 

6 feet 8 inches = 76, and — r; — «■ 50-inches 

o 

from centre of beam. 

Then 75 : 48 : : 50 : 82 inches, the length of stroke 
of air-pump. 

7* 



78 PBACTICAL EXAMINATOR ON 

18802*4 

Hence — ^x— = v/431.3 = 20-76 inches dia- 

meter. 

107. How is the proper weight ascertained 
whereby to make the rim of the fly-wheel of a 
rotary engine f 

Rule. — ^Multiply the diameter of the wheel fa 
feet by the number of revolutions per minute, and 
by •0628 ; divide 2004 times the nominal horse- 
power of the engine by the square of the product, 
and the quotient is the weight in hundredweights. 

Ex. — What must be the weight of a fly-wheel 
rim for a fliirty-horse engine making 19 revolu- 
tions per minute, and diameter of the wheel 22 
feet. 

80 X 2004 
22 X 19 = 418X.0528 = 21-8614 and ^^ _^^.^ 

,JX*o0l4 

= 126 cwts. weight of the rim. 

108. What is the rule by which to find the pro- 
per velocity for the governor of a steam-engine f 

The governor of a steam-engine in the usual 
form consists of two pendulums suspended from 
the upper extremity of a vertical axis ; and, when 
made to revolve about that axis, assumes the coni- 
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cal form, the point of suspension being the apex 
of the cone, and the distance from centre to centre 
of the balls the plane of revolution ; hence, when 
a certain expansion of the balls is desired, and a 
certain given length of pendulum fixed, so that 
the vertical height of the cone is known, multiply 
the square root of the height of the cone in inches 
by 0«31986, and 60 divided by the product equal 
the proper number of revolutions per minute. 

Ex. — Suppose the distance between the centre 
of suspension and plane of revolution equal 25 
inches, required the number of revolutions per 
minute. 

^/25=:5 and- .31986x5 = 1-5993, then 60 -h 
1.5993 = 38. 

109. How are the variouB valves in marine 
engines generally distinguished? 

Names. Forms. 

1. Safety valve . . . Conical. 

2. Stop valve .... Do. 

3. Inverse valve . . . Conical or flat. 

4. Feed valve . . . Conical. 

5. Throttle valve . . Oval or rectangular. 

6. Blow-through valve . Conical. 
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Names. Forms. 

7. SuiftiDg valve . • Conical. 

8. Expansion valve . . Various. 

9. Slide valve . . | ^*'°« ,^' «^f ^' 

I and locomotive. 

10. Foot valve . . . Flat. 

11. Delivery or head valve Do. 

12. Escape or relief valve Conical or flat. 
18. Sluice valve . . . Flat. 

14. Kingston valve . . Cone. 

110. At page 24, question 23, a ride is given 
by which to determine the nominal horse-power of 
condensing engines. How is the nominal horse^ 
power of non-condensing engines estimated? 

Rule. — Multiply the square of the cylinder's 
diameter in inches by the pressure of the steam 
in pounds per square inch above the atmospheric 
pressure, and by the cube root of the stroke in 
feet, also by -00106, and the product is the nomi- 
nal horse-power, when the velocity is 128 times 
the cube root of the stroke. 

Ex, — Let the diameter of the cylinder of a 
high^pressure engine equal 16 inches, the length 
of stroke 3J feet, and the pressure of steam 46 
pounds per square inch, as indicated by the safety- 
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valve; required the nominal horse*power of the 
engine. 

16« X 45 X ^8 J X .00106 « 18-3 horse-power. 

111. What is the difference between high-press- 
ure and non-condensing engines f 

None whatever in principle, merely in techni- 
cality ; all engines are said to be high-pressure, 
or on the non-condensing principle, where steam, 
after useful application, is still of sufficient den- 
sity or force to overcome atmospheric pressure. 
At present there are employed usefully only 
three distinct kinds of engines, viz. condensing, 
non-condensing, and those in which both princi- 
ples are combined through the medium of two 
cylinders of unequal capacities, and steam of high 
elastic force introduced, terminating by expansion 
and ultimate condensation, and commonly called 
double-cylinder engines. 

112. Are locomotive engines estimated in horse- 
power as other engines^ whereby to test their 
amount of efficiency. 

Locomotive engines may be, and are sometimes 
estimated in productive effect as other non-con- 
densing engines ; but the amount of power is more 
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frequently compared mth the load in tons that an 
engine is capable of drawing upon a level line at 
a given velocity. 

A rule by which to determine the pressure of 
steam to draw a certain load, with a given engine, 
on a level line, being as follows :^To 6 times the 
weight of engine and tender in tons, add 9J times 
the weight of the train in tons ; multiply the suin 
by the circumference of the driving-wheels, in 
inches ; divide the product by twice the area of 
the piston in inches, multiplied by the length of 
stroke in inches, and the quotient equal the re- 
quired pressure of steam in pounds per square 
inch/ 

Ex. — Suppose a locomotive engine, with two 
cylinders of 13^ inches diameter each, length of 
stroke 18 inches, diameter of driving-wheels 5J 
feet, weight of engine and tender 18 tons, weight 
of train 167 tons, what pressure of steam will be 
required, per square inch, to move the same upon 
a level line, atmospheric resistance not being taken 
into account ? 
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18x6 - 108 
167x9.5=1586.5 



+1694.5 
5.5feet=66inchesx3.1416= 207.8X And 



13«x.7854x2x36=9556.5)351269 86(36.7 lbs. 

113. Row is the resistance of the atmosphere as* 
certained relative to a railway train f 

The resistance to any flat surface 1 foot square, 
passing through a still atmosphere at about 1 mile 
per hour, is -005 pounds, and the resistance in- 
creases as the square of the velocity. Hence, if 
a train expose an opposing frontage of 20 square 
feet, at a velocity of 1 mile per hour, 1* x 20 x 
•005 « 1 pound ; but, if the velocity be in- 
creased to 20 miles per hour, the opposing force 
on the same surface equal 20* x 20 x -005 «= 40 
pounds. 

114. What is the effect of gravity hf a train 
ascending or descending an inclined plane f 

In ascending any inclined plane, the weight or 
resistance of the train to traction is augmented 
by gravity as the rise or incline of the plane is 
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to the weight ; hence, if 1 ton, or 2240 pounds, 
be the unit of weight, 9 J pounds per ton the unit 
of traction upon a level line, and 1 in 350 the 
inclination of the plane, then 2240 -t- 850 = 6-4 
+ 9*5 ««= 15«9 pounds, or the force of traction 
required upon the incline. 

Again, if the train be descending, the force of 
traction is diminished in an equal ratio, and the 
train accelerated by gravity; thus, 9 -5 — 6-4 = 
3«1 pounds, required for traction on the descend- 
ing plane. 

115. If a railway train he started at a given 
timey to continue at a known speedy %ay 27 miles 
per hour, and after 35 minutes cf despatch train is 
sent to overtake it, wTiich is to run at the rate of, 
33 miles per hour, how far will the first train have 
gone when the second overtakes it, and what length 
of time, from the time of the despatch train start- 
ingy will it he when overtaken ? 

. Rule. — As the difference of the speed of two 
bodies in motion is to the distance gone by one, 
so is the motion of the quicker body to the dis« 
tance or time required ; hence — 
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88 — 27 « 6 and 27 -h 60 » 42 miles per 
minute, speed of first train. 

Tten .42 X 35 « 14-7 and 6 : 14-7 : : 86 : 
85*75 miles distant when overtaken. 

Again, 6 : 42 : : 85 : 2-45 hours, or 2 hours 27 
minutes from the time of second train starting. 

116. Suppose a^oods* train to start from a 
given place or station on a line of railway at a 
given time, and its rate of continued speed 20 
miles per hour; also from the opposite end of the 
line, and at the same time^ a passenger train 
starts^ and continues at a uniform speed of 36 
miles per hour ; at what distance from each start- 
ing station will the two trains meet, the distance 
between the two stations being 212 mUes f 

86 X 20 » 56, and 56 : 212 : : 1 : 8-786 hours, 
or time of each train in motion before meeting. 

8-786 X 36 » 136-296 miles gone over by pas- 
senger tr&in. 

And 3-786 x 20 — 75-72 miles gone over by 
goods' train. 



117. What are the meanings of the various 

8 
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termty gravity ^ specific gravity , centre of grav&yy 
force of gravity^ #<?•?. 

Gravity is downward pressure o» weight; all 
bodies possess this property more or less, in pro- 
portion with their various degrees of density. 

Specific gravity means the comparative density 
or weight that one body bears to another of equal 
bulk, — thus, a body of less specific gravity than 
water, or other fluid, will" float upon that fluid ; 
but if of greater specific gravity, will sink. 

Centre of gravity is that point in a body or 
system of bodies, on which, if rested or suspended, 
the whole will remain in a state of equilibrium or 
rest ; thus, if a wall or other structure be raised 
perpendicular to the base, it will remain secure 
while in that state; but if the fgundation be not 
of sufficient solidity, and by degrees allow it to 
depart so far from its vertical position that the 
centre at the top exceeds the base at the bottom, 
the same will fall, unless restricted by cohesion 
of the parts of which it is composed. 

Force of gravity is an accelerated velocity, 
which heavy bodies acquire in falling freely from 
a state of rest ; — ^thus, the velocity that a body 
will acquire in one second of time, equal 32-1666 
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feet, Cfr in five seconds 82-1666 x 5 » 160-888 
feet, &c., the velocity in feet, per second, that a 
l>od7 will acquire in falling through a given space, 
equal the square root of the product of the time 
multiplied by 64*3338. Hence, the velocity ac- 
quired at the end of 249 feet— v/64.8333 x 240 
= 124*26 feet* Again : the space through which 
a body will fall in feet, in any given time, equal 
the product of the square of the time, multiplied 
by 16-0833. Hence the space a body will pass 
through in seven seconds 16.0833x72=788.0817 
feet. 

Force of gravity is also the restrictive cause to 
a pendulum's motion ; consequently its motion at 
any place is dependent upon the energy of the 
force of gravity at that place. 

Pendulums of the same length vibrate slower 
the nearer they are brought to the equator, be- 
cause of the earth's spheroidal form, its polar 
axis being about twenty-six miles shorter thaH its 
equatorial diameter ; for which reason, also, gra- 
vity is lessened ^th part, the centrifugal force 
arising from the diurnal motion of the earth be- • 
ing greater at the equator than at the poles. 

The measure of the force of gravity in feet, 
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per second, at any place, is equal to the product 
of the length of a pendulum that beats seconds ; 
these multiplied by 9«8696 ; or, if any length of 
a pendulum be taken in feet, and the time in 
seconds observed between each of its oscillations, 
then the length of the pendulum divided by the 
square of the time in seconds, and the quotient, 
multiplied by 9«8696, the product equal the num- 
ber of feet, by which gravity will at that place 
increase the velocity of the descent of a falling 
body in each second of time. 

The length of a pendulum to vibrate seconds, 
or 60, 

At the equator, equal . . . 89«0152 inches- 

In the latitude of London . 39.1398 « 

" « Edinburgh 39-1555 « 

" « Paris . . 39.1285 « 

" *« New York 39.1011 « 

H8. The length of a seconds pendulum at a 
given place being known^ how is the length of an- 
other, pendulum obtained^ to perform any other 
number of vibrations in the same time? 

Rule. — Multiply the square root of the known 
length of pendulum by 60, divide the product by 
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the required number of vibrations, and the Square 
of the quotient is the length required. 

Ex. — ^What must be the length of a pendulum 
to make 80 vibrations per minute in the latitude 
of Edinburgh, the length of seconds pendulum 
being 89>1555 inches ? 

^/39•1556x60 875-42 , ^^, ;.. .„^. , 
i^TT = —^jr- =4.68« =- 21437 inches. 

119. What is the subsisting ratio between that 
of a seconds pendulum and gravitating force ? 

The space through whioh a hea^j body will fall 
during the time of one vibration of a pendulum 
vibrating seconds, is to half the pendulum's length 
as the square of the circumference of a circle is 
to the square of its diameter, or as 4*9348 to the 
whole length; hence, the force of gravity in the 
latitude of London equal 39.1393 *: 4.9348 = 
193'1446 inches, or 16 feet 1 inch nearly. 

120. What is meant by centre of oscillation f 
The centre of oscillation is a certain point in a 

vibrating body into which all its force is collected, 
and to which, if an obstacle be applied, motion 
will instantly cease. The^most simple means by 
which to ascertain the centre of oscillation in a 

8* 
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compound pendulum, is to suspend a small b*d T j 
a fine thread in front of that in which the centre 
of oscillation is required, lengthen or shorten the 
thread until the vibrations of each are alike, then 
stop both and let them hang freely. Opposite the 
centre of the ball is the centre of oscillation. 

121. Sow %% gravity affected hy motion on de- 
scending planes or curved surfaces f 

The force which accelerates the motion of a 
heavy body on an inclined plane, is to "the force 
of gravity as the sine of the inclination of the 
plane to the radius, or as the height of the plane 
to its length. 

The velocity acquired by a body in falling from 
rest through a given height is the same, whether 
it fall freely or descend on a plane at whatever 
inclination. 

The space through which a body will descend 
on an inclined plane, is to the space through which 
it would fall freely in the same time as the sine 
of the inclination of the plane to the radius. 

The velocities which bodies acquire by descend- 
ing along chords of the same circle, are as the 
lengths of those chords. * 



STBAM AND THB BTEAM-ENGINZ. 91 

A body descending in a curve suffers no loss 
of velocity. 

122. By circular motion of bodies there areiwo 
effects produced ; what are theyf 

Centrifugal force and centripetal force. 

123. BiU what are theyf What do the terms 
imply ? 

Centrifugal force implies a tendency that all 
bodies acquire by accumulated velocity of circular 
motion to fly off in a tangential line from the cen- 
tre of revolution, the amount of tendency being 
as the square of increased velocity of the body in 
motion; hence the 

Rule. — ]^ultiply the square of the number of 
revolutions per minute by the radius of the circle 
in feet, by the weight of the body in any given 
unit of weight, and by 'OOOSSl; the product is 
the centrifugal force in terms of the body's 
weight. 

Ex. — Suppose a body weighing 100 pounds, 
and describing a circle of ten feet radius, and at 
800 revolutions per minute, required the centri- 
fugal force 

300« X 10 X 100 X .000331 « 29.790 lbs. 
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Centripetal force, on the contrary, is the ten- 
dency, by reduced circular motion, to impel the 
weight toward the centre of rotation ; as the balls 
of the governor of a steam-engine indicate by 
diminished velocity. When a body in circular 
motion is retained by means of centripetal force 
tending toward its centre of rotation, the velocity 
at every point of revolution is equal to that which ' 
it would acquire by falling perpendicularly through 
half the radius of its orbit. Consequently, if a 
body revolves uniformly in the circumference of a 
circle by means of a given centripetal force, the 
portion of the circumference wfiich it describes in 
any time is a mean proportional between the dia- 
meter of the circle and the space which the body 
would descend perpendicularly in the same time, 
and with the same given force continued uni- 
formly. 

124. What is meant hy centre of gyration? 

By centre of gyration is understood a certain 
point in a revolving body, into which the whole 
momentum of the mass is concentrated, and at 
which, or from which point, the greatest amount 
of power or effective force is transmitted; the 
distance between the centres of suspension and 
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gyration is a geometrical mean between the cen- 
tres of gravity and oscillation from the same point; 
hence, haying found the distances of these centres 
in any proposed case, the square root of their pro- 
duct equal the distance of the centre of gyration. 
To find the centre of gyration or circle of great- 
est transmitting effect in a water-wheel. 

Rule. — Multiply by the square of the radius 
twice the weight of shrouding and buckets, two- 
thirds the weight of the arms, and the weight of 
the water ; add the whole into one sum, and divide 
by twice the weight of shrouding and arms, added 
to the weight of water; the square root of the 
quotient is the distance of the centre of gyration 
from the centre of suspension. 

Ex.— ^Required the distance of the centre of 
gyration from the centre of suspension in a water- 
wheiBl 22 .feet diameter, shrouding and buckets 18 
tons, arms 12 ton's, and water 10 tons. 
22 -4- 2 = 11 and IP = 121 
Then 18 X 2 = 36 x 121 = 4356 
I of 12 = 8 X 121 « 968 
Water = 10 X 121 = 1210 

6534 



94 PRACTICAL BXAMINATOB OK 



And 18 + 12 X 2 = 60 + 10 =70; hence, 

6534 
^"^ =r 9'6 feet from the c^itre of siiBpension. 

125. What are logarithms f 

Logarithms are artificial nnmbers which stand 
for natural numbers, and are so contrived that 
if the logarithm of one number be added to the 
logarithm of another, the sum will be the loga- 
rithm of the product of these numbers ; and if the 
logarithm of one number be taken from the loga- 
rithm of another, the remainder is the logarithm 
of the latter divided by the former ; and also if 
the logarithm of a number be multiplied by 2, 3, 
4, 5, &c., we shall have the logarithm of the 
square, cube, &c., of that number; and, on the 
other hand, if divided by 2, 3, 4, 5, &c., we have 
the logarithm of the square root, cube root, fourth 
root, &c., of the proposed number; so thaf with 
the aid of logarithms, multiplication and division 
are performed by addition and subtraction, and 
the raising of powers and extracting of roots are 
efiected by multiplying or dividing by the indices 
of the powers and roots. 
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126, What is meant hy mechanic powers t 

By mechanic, or mechanical powers, is common- 
ly understood the application of certain simple 
machines, by which weight or resistance is over- 
come at a less expense of power, when time oi 
space is disregarded. Thus a bar or lever resting 
upon a point or fulcrum at three-fourths distant 
from one end; it is obvious that the effect is as 
one to three, or one unit of power will equipoise 
three of resistance ; but if the resistance is to be 
overcome by the power in any given time, the 
velocity or space passed through by the power 
will be three times that to which the resistance 
has been removed. 

127. How are the mechanic powers usually dis- 
tinguished. 

They are almost invariably distinguished and 
arranged for simplicity in the following order, viz. 
the lever, pulley, inclined plane, wheel and axle, 
wedge and screw; the three first being considered 
primary, and the three last secondary, because 
partaking of the properties, of the first by combi- 
nation. 
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128. Relative to mechanicSj what is motion f 
Motion, in mechanical language, is generally 

understood an effect of impulsive force, acting in 
such a manner as to impart either linear or cir- 
cular velocity by motive power; thus the piston 
of a steam-engine is made to produce alternate, 
rectilinear, or reciprocatii^ motion. In the fly- 
wheel, through the medium of the crank, is pro- 
duced uniform circular motion, and by means of 
cambs, motions to any degree of distortion may 
be obtained as required. 

129. What are the tendencies hy high degrees 
of velocity J on the bearings of shafts in circular 
motion f 

Tendency to heat and become enlarged in dia* 
meter, whereby lubrication is diminished in effi- 
ciency and friction materially augmented. 

130. What is meant hy capillary attraction f 
It signifies a property observable in small tubes, 

thin flat spaces, porous substances, as sponge, 
cotton wick, worsted threads, &c., of raising water 
or other fluids above the natural level ; hence the 
application of the principle for obtaining a con- 
tinued supply of lubricating fluid between surfaces 
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in motion, by a syphon-form of worsted threads, 
one end of which is immersed in oil, the other 
being inserted and supported by the tube through 
which the fluid is conducted. 

131. In speaking of metah^ as gun-metal^ brasSy 
hronzey ^e.j why are they designcUed alloys f 

Because those metals are composed of two or 
more having a chemical affinity for each other, 
and hence said to be an alloy, or combined mix- 
ture. 

Proportions of Metals for the production ofvariotis 
Alloys, 

Machinery . . . . . copper 16 ... tin 2^ ... zino i 

Toagh brass .... copper 10 ... tin 1} ... zinc IJ 

Gnn metal copper 11 ... tin 2 ... — 

BeU metal copper 16 ... tin 6 ... — 

Spelter solder, for iroa . copper 1 ... — ... zino 1 

*' harder . . . brass . 6 ... tin 1 ... zino 1 

Solder for copper . . brass . 8 ... — ... zino 1 

Tinman's solder . . . lead . 2 ... tin 1 ... — 



in cooling 
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Table exhUntinff the Ten^eraturee and Volumet of Steam gene- 
rated under different preteuree. 



1 






1 


1 

Jill 


i 


III 


1? 


16 


213-0 


1669 


1-035 


48 


279.7 


578 


8-015 


16 


216-4 


1572 


1-099 


49 


2810 


562 


3-074 


17 


219-6 


1487 


1-162 


60 


282-3 


552 


8-130 


18 


222-6 


1410 


1-226 


61 


283-6 


542 


3188 


19 


226-6 


1342 


1-287 


52 


284-8 


532 


3-248 


20 


228-8 


1280 


1-350 


63 


286-0 


523 


3-304 


21 


281-0 


1224 


1-411 


64 


287-2 


514 


3-361 


22 


283-6 


1172 


1-474 


65 


288-4 


506 


3-416 


28 


2861 


1126 


1-686 


56 


289-6 


498 


3-469 


24 


238-4 


1082 


1-597 


57 


290-7 


490 


3-526 


25 


240-7 


1042 


1-658 


58 


291-9 


482, 


3-586 


26 


243 


1006 


1-719 


69 


293-0 


474 


3-645 


27 


246-1 


971 


1-779 


60 


294-1 


467 


3-700 


28 


247-2 


939 


1-840 


61 


294-9 


460 


3-756 


29 


249-2 


909 


1-910 


62 


296-9 


468 


8-814 


80 


261-2 


882 


1-969 


63 


297-0 


447 


3-866 


81 


268-1 


866 


2-021 


64 


298-1 


440 


3-927 


82 


2660 


831 


2-079 


66 


299-1 


484 


8-981 


88 


266-8 


808 


2-188 


66 


800-1 


428 


4-087 


84 


258-6 


786 


2-198 


67 


801-2 


422 


4-094 


86 


260-8 


766 


2-258 


68 


802*2 


417 


4-148 


86 


2620 


746 


2-816 


69 


803-2 


411 


4-204 


87 


268-7 


727 


2-876 


70 


804-2 


406 


4-256 


88 


265-8 


710 


2-483 


71 


805-1 


401 


4-309 


89 


266-9 


698 


2-493 


72 


306-1 


396 


4-363 


40 


268-4 


677 


2-552 


73 


307-1 


391 


4-419 


41 


269-9 


662 


2-610 


74 


308-0 


886 


4-476 


42 


271-4 


647 


2670 


76 


308-9 


381 


4-536 


43 


272-9 


634 


2-725 


76 


309-9 


377 


4-583 


44 


274-3 


620 


2-787 


77 


310-8 


372 


4-645 


46 


276-7 


608 


2-842 


78 


811-7 


868 


4-695 


46 


277-1 


696 


2-899 


79 


812-6 


364 


4-747 


47 


278-4 


584 


2-968 


80 


813-5 


369 


4-812 
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Table by which to ascertain the amount of lap neeeesary on the 
steam side of a slide-valve to cut the steam off at various frae^ 
tional parts of the stroke 



Tt> cut the Bteam off, after the piston has passed through 

J tV * J « i H 

of its stroke. Multiply the given stroke of the Talve by 

•854 -823 -289 -260 -204 -177 -144 
and the product is the lap of the valve in terms of the stroke. 



Example. — Required the lap necessary to cut the steam off 
at the end of five-sixths of the stroke, the stroke of the valve 
being twelve inches, and without lead. 204 x 12 as 2-448 
inches. 

As lead is not taken into account because of different quan- 
tities being required to different Applications of the steam- 
engine, subtract from the lap half the lead ; the remainder 
is the lap required. Thus, suppose the lead equal '26 -^ 2 
as -125 and 2-448 — •126 s 2-828 inches, the lap with one- 
fourth inch of lead as given. 
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Table of the Mean Elastic Force of Steam in pounds per square 
inchf at various grades of Expansion, 



Initial 
density of 
the steAin 
in Iba. per 


DenM ateam oat off after the piston has passed through th« 
following fractional parts of the stroke: 

i i f if J f 




r 9 


4-69 


5.37 


689 


7-62 


8-13 


8-67 


8-80 




10 


5-22 


5.97 


7-67 


846 


9-03 


9-64 


9.78 




u 


574 


6.56 


8.43 


9-31 


9.94 


10.60 


10.76 


1 


12 


6-26 


7.I6 


9.19 


1016 


10.84 


1157 


11-74 




13 


6.78 


7.75 


9*96 


11-01 


11.75 


1253 


12-72 


.s 


14 


7-31 


8.53 


10.73 


11-85 


12.66 


13.49 


13.97 


? 


16 


7.83 


8-95 


11.49 


1269 


1355 


1446 


14.68 


a 


16 


8.35 


9-54 


12-26 


13.54 


14-46 


15-42 


15.66 





17 


8-87 


.10-14 


1303 


14.39 


15-36 


16-38 


16-63 


1^ 


18 


9-39 


10.74 


13.79 


15-24 


16-27 


17-36 


17-61 


p. 


19 


9-92 


11-33 


14.56 


16-81 


17-17 


18-31 


18-59 


•c 


30 


10.44 


1193 


15.33 


16-93 


18-07 


19-28 


19-57 


Jo 


25 


13-04 


14-91 


19.16 


21-16 


22.59 


24-09 


24 46 


a, 


30 


15.65 


17-89 


22-99 


25-39 


27.11 


28.91 


29-35 


a 


35 


18-26 


20.88 


26-83 


29-63 


31-63 


33.73 


34-24 


< 


40 


20-87 


23.86 


30.66 


83.86 


36-15 


3855 


39-14 




45 


2348 


26-84 


34 88 


38.09 


40-66 


43.37 


44.03 




[50 


26-09 


29-82 


38-32 


42.33 


45.18 


48.19 


48.92 



Example, — If dense steam be admitted to the cylinder of an 
engine at a pressure of 17 pounds per square inch, and cut 
off when the piston has moved through two-fifths of the 
stroke, the mean elastic pressure during the whole stroke 
will be 13*08 pounds per square inch, as obtained by initial 
'density and ezpansiye force. 
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Table hy which to find the relative ttate of Piston and Exhamt 
after Expannon, 









l-8th 

l-16th 

l-82d 





steam out off at 

l-3d from the 
end of the itroke. 



It 



Its 

g BO o 



•178 
•180 
•118 
•029 



•038 
•060 
•078 
•092 



steam out off at 

l-4th from the 

end of the stroke. 



Bteam cut off at 

l-6th from the 

end of the stroke 



•143 
•100 
•086 
•067 



•019 
•040 
•061 
•067 



steam nnt off at 

l-8th from the 

end of the stroke. 



S I o 

Hi 
il» 

11! 
11^ 



•109 
•171 
•068 
•048 



m 



•008 
•022 
•088 
•048 



•098 
•068 
•048 
•088 



m 



•004 
•016 
•028 
•088 



Example from the Table. — Suppose an engine with a stroke 
of six feet, or 72 inches, and the steam cut off when the pis- 
ton is one-third from the end of its stroke, the cover on the 
exhaust side of the yalye being l-82d of its stroke, the rela- 
tive positions will be the following: — 

In a line with l-82d and under l-3d is •I 18 and -078 ; there- 
fore •lis X 72 8SS 8-186 inches the piston is from the end of 
the stroke, wheft the exhausting-port before the piston is ^ 
shut, and ^073 X 72 ss 6-266 inches the piston is from the 
end of the stroke, when the exhausting-port behind it is open 
9* 
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Table of CyUndertf with proportionate strokes for Steatn-enffinet 
of nominal horee-powtr ; the dense steam for Condensing JSn- 
ffines being seven pounds per square inch. 



STATIOVART CONSKHS- 

uio Emoimbs. 



Mabihb CoNSEirsiiro 

£X61MBS. 



HlOH-PBBSSVRB, OB NOV-COK- 
DBMBIMO ENGINBS. 



2 

3 

4 

6 

6 

8 

10 

12 

14 

15 

16 

18 

20 

22 

24 

25 

26 



85 
40 
45 
50 
55 
60 
65 
70 
76 
80 
85 
00 
95 
100 

lie 

120 
130 
140 



U 



5^-- 



9 
U 
12 
13i 
Ui 
16i 
18 
19i 
21 
2H 
22 
23 
24i 
25i 
26i 
261 
27 
27i 
28i 
30^ 
32i 
34i 
36 
37i 
39 
40i 
4H 
43 
44 
45i 
46 

m 

48^ 

51 

52i 

54i 

56 



S 



2 

2i 

2i 

21 

3 

3i 

?* 
3i 

3} 
4 

^ 

4| 

5 

5 

^* 

6 
6i 
6i 
6i 

?* 

7 

n 

8 
8 
8 
8 

8i 

9 

9. 



Hone- 
power. 



10 

12 

15 

16 

18 

20 

25 

80 

35 

40 

45 

50 

56 

60 

65 

70 

75 

80 

85 

90 

95 

100 

110 

115 

120 

125 

130 

135 

140 

145 

15a 

175 

200 

250 

260 

270 

280 



III 
I- 



20 

2U 

23^ 

24i 

25i 

26} 

28* 

31? 

33a 

36^ 

37i 

39^ 

401 

43 

44 

46 

46$ 

48 

49 

50 

52 

52} 

55 

56^ 

57 

58 

59 

60 

61 

62 

62J^ 

67} 

VH 

79i 

81 

81} 

83 



I. 



2 

2i 

2i 

2i 

2i 

3 

3 

3i 

3i 

3} 

4 

4 

4 

4i 

4i 

4i 

41 

4i 

4} 

5 

5 

6 

5} 

6} 

5i 

51 

6f 

5i 

6 

6 

6} 

6} 

6i 

7 



DiametcT^of erHnden in 
inchei. the force of the 
denee eteBm per aqiuure 
inch being 

251bs. 90 lbs. 401be. fiOlU. 



1 

1} 

2 

2i 

3 

3i 

4 

4i 

5 

5i 

6. 

6i 

7 

8 

8i 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 



3} 
4i 
6i 
6} 
6i 
6} 

n 
.n 

8i 
8* 
9 
H 
9i 
10 
lOi 
101 
IH 
111 
12* 
13 
13i 
14 

m 

15 

15i 

15} 

16i 

16} 

18i 

20i 

21} 

23* 



3* 


3 


4i 


31 


4} 


4i 


5« 


4ft 


6 


5 


6i 


5* 


6} 


6 


7* 


6i 


7i 


6* 


7* 


6ft 


8i 


7 


8ft 


7* 


9 


7} 


9i 


8 


9} 


Si 


9* 


8* 


lOi 


8} 


11 


9* 


lU 


9} 


12 


10* 


12J 


10ft 


12} 


lU 


13* 


lift 


13} 


12 


14 


12* 


14* 


12} 


14$ 


13i 


15i 


13* 


17i 


15 


19} 


16i 


20i 


17: 


211 


18* 



2} 
3i 
3} 
4} 
4* 
4ft 
Pi 
6ft 
6ft 
«ft 
6* 
6ft 
6ft 

7* 

7ft 
8* 
8} 

n 

9ft 
10 
10* 
10* 
10} 

11* 
11* 
11} 

13* 
14* 
15* 
16} 



Qaantity of water for feed 
in gallons per minute to 
each horBe-power, 
equal -45 -5 -61 -72 
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Tt^le of Nominal Vdoeities for the Pistons of Steam-enffines, 
with given length of strokes. 



Statiowart Condensimo 


Mabirb Enoinks; 


HlOH-PRXSSUBB. OS NOH- 


Length 


Num. 


Velocity 


Length 


Num. 1 Velocity 


Length 


Number 


Velocity 


icfMt 


per 


•ia feet 


in feet 


per in feet 


in feet 


per 


in feet 


and in. 


min. 


per min. 


and in. 


min. !per min. 


and in. 


minute. 


per min. 


1 9 


46 


161 


2 





42 


168 


1 


80 


160 


2 


42 


168 


2 


3 


39i 


177f 


1 3 


70 


175 


2 3 


38 


171 


2 


6 


38 


190 


1 6 


62 


186 


2 6 


35 


175 


3 





32 


192 


1 9 


55 


192i 


2 9 


32 


176 


3 


3 


291 


1931 


2 


50 


200 


3 


30 


180 


3 


6 


27i 


194i 


2 3 


46 


207 


3 3 


28^ 


185i 


4 





24i 


196 


2 6 


m 


212i 


3 6 


27 


189 


4 


3 


23i 


199f 


2 9 


39^ 


217i 


3 9 


26 


195 


4 


6 


22i 


202^ 


3 


37 


222 


4 


25 


200 


4 


9 


2U 


204i 


3 3 


35 


228^ 


4 3 


24 


204 


5 





21 


210 


3 6 


33 


231 


4 6 


23 


207 


5 


6. 


19i 


21 4i 


a 9 


31 


232i 


5 


2U 


215 


5 


9 


19 


2l8i 


4 


29i 


236 


5 6 


20 


220 


6 





18i 222 1 


4 6 


27 


243 


6 


19 


228' 


6 


6 


17i 


224i 


5 


24i 


247i 


7 


m 


245 


7 





m 


231 


5 6 


23 


253 


8 


16 


256 


7 


6 


15i 


232i 


6 


22 


254 



Tabu of Decimal ^Equivalents to Fractional Parts of Lineal 
Measures. 



One inchf the integer .or whole number. 


•9375=1 and jV 


•5625 = J and tV 


•25 =J 


•875 = ■ 


•5 =J 


•1875 = J and A 


•8125= and tV 


•4375 = 1 and tV 


•125 =i 


•75 = 


•375 =1 


•0625 =tV 


•6875=Sand A 


•3152 = i and tV 


.•0ai25 = 3V 


•625 =1 






One foot, pr 12 inches the 


integer. 


•9166=11 inches. 


•4166 =5 inches. 


•0625 =1 of inch. 


•6338 = 10 " . 


•3333 =4 " 


•05208 =f *« 


'75 = 9 " 


•25 =3 " 


•04166= J " 


•6666= 8 " 


•1666 =2 " 


•03125 =i " 


•5833= 7 " 


•0833 =1 " 


•02083= i " 


•5 = 6 " 


•07291=* " 


•1041 =i " 
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Table of Approximate Numbers, for various purposes. 



Diameter of a circle X 8*1416 
Circumference " X -31831 
Diameter " X '8862 



Square of diameter X '7864 
Square root of area X 1*12837 



the circumference. 

the diameter. 

the side of an equal 

square. 
Side of a square X 1*128 = the diameter of an 

equal circle, 
the area of a circle, 
the diameter of equal 

circle. 



Square of the dia- \ o i ai a 
meter of a sphere / ^ "^'^^ 

Cube of ditto x '5236 = 

Diameter of a sphere X '806 = 

Diameter of a sphere X '6667 := 

Square inches x '00695 = 

Cubic inches X -00058 == 

Cubic feet X '03704 = 

Cylindrical inches... x '0004546 = 

Cylindrical feet X '02909 z= 

Cubic inches X '003607 s= 

Cubic feet X '6232 = 

Cylindrical inches... X '002832 = 

Cylindrical feet X 4-895 = 

183*846 circular inches..... 

2200 cylindrical inches 

Avoirdupois pounds X '009 
Avoirdupois pounds X '00045 

Lineal feet X '00019 

Lineal yards x '000568 



= convex surface. 

= solidity. 

= dimensions of equal 
cube. 

length of equal cylin- 
der. "^ 

square feet. 

cubic feet. 

cubic yards 

cubic feet. 

cubic yards. 

imperial gallons. 



; 1 square foot 
1 cubic foot, 
cwts. 
tons. 
English statute miles. 
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Table of the Circumferenees and Areas of Circlet, advancing by 
eighths and tenths. 



Diameter. 


Ciroum. 


Area. 


Diameter. 


Circum. 


Area. 


1 inch 


3-1416 


•7854 


•876 


10-6029 


8-9462 


•1 


3-4557 


•9503 


•4 


10^814 


9-0792 


•126 


8-6343 


•9940 


•6 


10-9966 


9-6211 


•2 


8^7699 


1^1809 


•6 


11-8097 


.10-1787 


•26 


3-9270 


1^2271 


•626 


11-8888 


10-3206 


•3 


4-0840 


1-3273 


•7 


11-6289 


10-7521 


•876 


4-3197 


1-4848 


•76 


11-7810 


110446 


•4 


4-3982 


1-5893 


•8 


11-9380 


11-8411 


•6 


4-7124 


1-7671 


•876- 


12-1737 


11-7932 


•6 


60266 


2-0106 


•9 


12-2522 


11-9459 


•626 


6-1061 


2-0739 


4 inches 


12-5664 


12-5B64 


•7 


6-3407 


2-2698 


•1 


12-8806 


18-2026 


•76 - 


6-4978 


2-4052 


•126 


12-9591 


13-3640 


•8 


6-6648 


2-5446 


•2 


131947 


13-8544 


•876 


6-8905 


2-7611 


•26 


13-3518 


141862 


•9 


6-9690 


2-8352 


•8 


13-5088 


14-6220 


2 inches 


6-2832 


3-1416 


•376 


18-7446 


15-0331 


•1 


6-6973 


3-4636 


•4 


13-8280 


15-2053 


•126 


6-6759 


3-5466 


•6 


14-1372 


15-9043 


•2 


6-9116 


3-6018 


•6 


14-4518 


16-6190 


•26 


7-0686 


3-9760 


•626 


14-5299 


16-8001 


•8 


7^2266 


4-1647 


•7 


14-7656 


17-8494 


•376 


7^4613 


4-4302 


•76 


14-9226 


17-7205 


•4 


7-5398 


4-5239 


•8 


15-0796 


180956 


•6 


7-8540 


4-9087 


•876 


15-3133 


18-6666 


•6 


8-1681 


5-3093 


•9 


15-3938 


18-8574 


•626 


8-2467 


6-4119 


6 inches 


15-7080 


19-6350 


•7 


8-4823 


6-7256 


•1 


160221 


20-4282 


•76 


8-6394 


5-9395 


•125 


16-1007 


20-6290 


•8 


8-7964 


6-1576 


•2 


16-3868 


21-2372 


•876 


9-0321 


6-4918 


•26 


16-4984 


21-6475- 


•9 


9^1106 


6^6052 


•8 


16-6504 


22-0618 


8 inches 


9^4248 


7-0686 


•376 


16-8861 


22-6907 


•1 


9-7389 


7-5476 


•4 


16-9646 


22-9022 


•126 


9-8175 


7-6699 


•6 . 


17-2788 


28-7688 


•2 


100531 


8-0424 


•6 


17-5929 


24-6301 


•26 


10-2102 


8-2957 


•626 


17.6715 


24-8506 


•8 


10-3672 


8-6680 


. -7 


17-9071 


26-617B 
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Table of the Cireumfereneet, |-c. — Contiiraed. 


piameter. 


drevin. 


ATM. 


Diameter. 


Cirevm. 


ATM. 


•76 


180642 


25-9672 


•2 


25-7611 


62-8102 


•8 


18-2212 


26-4208 


•26 


25-9182 


68-4562 


•876 


18-4669 


27-1085 


•3 


260752 


64-1062 


•9 


18-5364 


27-8897 


•376 


26-8109 


55^0885 


6 inches 


18-8496 


28-2744 


•4 


26-3894 


65-4178 


•1 


19-1687 


29-2247 


•5 


26-7036 


56-7451 


•126 


19-2428 


29-4647 


•6 


27-0177 


68-0881 


•2 


19-4779 


80-1907 


•626 


27-0963 


58-4264 


•26 


19-6360 


80-6796 


•7 


27-3319 


59-4469 


•8 


19-7920 


ail725 
S-9192 


•75 


27-4890 


60-1321 


•876 


20-0277 


•8 


27-6460 


60-821*8 


•4' 


201062 


82-1699 


•876 


27-8817 


61-8625 


•6 


20-4204 


33-1831 


-9 


27-9602 


62-2115 


.6 


20-7846 


84-2120 


9 inches 


28-2744 


63-6174 


•625 


20-8181 


84-4717 


•1 


28-5885 


650389 


•7 


21-0487 


85-3566 


•125 


28-6671 


65-8968 


•75 


21-2058 


85-7847 


•2 


28-9027 


66-4762 


•8 


21-8628 


86-8168 


•26 


29-0598 


67-2007 


•876 


21-5985 


37-1224 


•8 


29-2168 


67-9292 


•9 


21-6770 


37-3928 


-375 


29-4525 


69-0293 


7 inches 


21-9912 


88-4846 


-4 


29-5310 


69-3979 


•1 


22-3058 


39-5920 


-5 


29-8452 


70-8823 


•126 


22-8839 


39-8718 


•6 


30-1593 


72-3824 


•2 


22-6195 


40-7150 


-625 


30-2379 


72-7599 


•26 


22-7766 


41-2825 


-7 


80-4735 


73-8982 


•8 


22-9886 


41-8539 


-76 


80-6306 


74-6620 


•876 


28-1693 


42-7184 


•8 


30-7876 


75-4298 


•4 


28-2478 


48-0086 


-876 


31-0233 


76-6887 


•5 


28-5620 


44-1787 


•9 


31-1018 


76-9770 


•6 


23-8761 


45-3647 


lOinches 


31-4160 


78-6400 


•626 


28-9547 


45^6686 


•1 


81-7301 


80-1186 


•7 


24-1908 


46-6663 


•126 


81-8087 


80-5167 


•76 


24-8474 


47-1780 


•2 


32-0443 


81-7180 


•8 


24-5044 


47-7837 


•26 


82-2014 


82-6160 


•876 


24-7401 


48-7070 


-8 


32-3580 


83-8280 


•9 1 


24-8186 


49-0168 


•876 


82-5941 


84-6409 


8 inches 


25-1328 


60-2656 


•4 


32-6726 


84-9488 


•1 


25-4469 


51.5300 


•5 


82-9868 


86-5908 


•126 


25-6256 


51^8486 


•6 


33-8009 


88-2476 
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Table of the Cireum/erenees, ^c, — ^Continued. 



Diameter. 


aroum. 


Area. 


Diameter. 


Circom. 


Area. 


•626 


83-8796 


88-6648 


•1 


4M549 


134-7824 


•7 


83-6150 


89-9204 


•125 


41^2338 


135-2974 


•75 


88-7722 


90-7627 


-2 


41-4691 


136-8480 


•8 


83-9292 


91-6091 


•26 


41-6262 


187-8867 


•876 


84-1649 


92-8858 


•3 


41-7832 


188-9294 


•9 


84-2434 


98-8183 


•376 


42-0189 


140-5007 


11 inches 


84-5676 


950334 


•4 


42-0974 


141-0264 
148-1391 


•1 


84-8717 


96-7691 


•6 


42-4116 


•126 


84-9503 


97-2053 


•6 


42-7257 


145-2675 


•2 


85-1859 


98-5206 


•626 


42-8043 


145-8021 


^5 


35-3430 


99-4021 


•7 


48-0399 


147-4117 


•3 


35-5010 


100-2877 


•76 


43-1970 


148-4896 


•875 


36-7357 


101-6234 


-8 


48-3540 


149-5715 


•4 


35-8142 


102-0705 


•876 


43-5897 


151-2017 


•6 


86-1284 


103-8691 


-9 


43^6682 


161-7471 


•6 


36-4425 


105-6834 


14 inches 


48-9824 


168-9384 


•626 


86-5211 


106-1394 


•1 


44-2965 


156-1453 


•7 


86-7567 


107-5134 


•126 


44-3751 


156-6996 


•76 


36-9138 


108-4342 


•2 


44-6107 


168-8680 


•8 


87^0708 


109-8690 


•26 


44-7676 


169-4852 


•876 


37 •3065 


1 10-7586 


•3 


44^9248 


160-6064 


•9 


87-3840 


111^2204 


•375 


45-1606 


162-2956 


12iiiclies 


37^6992 


113^0976 


•4 


46-2390 


162-8606 


•1 


38-0188 


114-9904 


•6 


46-6582 


166-1303 


•126 


38^0919 


115-4660 


•6 


46-8673 


167-4158 


•2 


38-8276 


116-8989 


•626 


46-9459 


167-9896 


•26 


88-4846 


117-8590 


•7 


46-1815 


169-7179 


•8 


88 6416 


118-8281 


•76 


46-3386 


170-8735 


•876 


88-8773 


120-2766 


•8 


46-4956 


172-0340 


•4 


88-9568 


120-7631 


•876 


46-7313 


178-7820 


•6 


89-2700 


122-7187 


•9 


46-8098 


174-3666 


•6 


89-5841 


124-6901 


16inches 


47-1240 


176-7150 


•626 


39-6627 


125-1834 


•1 


47-4381 


179-0790 


•7 


39-8983 


126-6771 


•126 


47-5167 


179-6726 


•76 


40-4554 


127-6765 


•2 


47-7523 


181-4588 


•8 


40-2124 


128-6799 


•25 


47-9094 


182-6546 


•876 


40-4481 


130-1923 


•3 


48^0664 


183-8542 


•9 


40-5266 


130-6984 


•375 


48-3021 


1856612 


ISinches 


40-8418 


132-7326 


•4 


48-3806 


186-2664 
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Tabu of the Cireumfereneet, ^e. — Continned. 



Diunetor. 


Cironm. 


Area. 


Diameter. 


dreum. 


Aiea. 


•6 


48-6948 


188-6923 


•9 


66-2346 


251-6500 


•6 


49-0089 


191-1349 


18 inches 


66-5488 


254-4696 


'626 


49-0876 


191-7480 


•1 


66-8629 


257-3048 


•7 


49-3231 


198-6932 


•126 


56-9415 


268-0161 


•76 


49-4082 


194^8282 


•2 


67-1771 


260-1558 


•8 


49-6372 


196^0672 


•26 - 


67-3342 


261-6872 


•875 


49-8729 


197^9330 


-3 


57-4912 


263-0226 


•9 


49-9614 


198^5569 


-876 


57-7269 


266-1829 


16 inches 


60-2666 


2010624 


•4 


67-8054 


265-9050 


•1 


60-6797 


2085835 


-6 


58-1196 


268-8031 


•125 


60-6683 


204-2162 


•6 


58-4837 


271-7169 


•2 


60^8939 


206-1209 


•625 


58-5123 


272-4479 


•26 


61-0510 


207-3946 


. 7 


58-7479 


274-6466 


•8 


51-2080 


208-6723 


•76 


68-9066 


276-1171 


•375 


61-4437 


210-5976 


•8 


690620 


277-6917 


•4 


61-6224 


211-1411 


•875 


59--2977 


279-8110 


•5 


61-8361 


213-8251 


-9 


59-3763 


280-5627 


•6 


62-1605 


216-4248 


19inche8 


59-6904 


283-5294 


•626 


62-2291 


217-0772 


-1 


600046 


286-6217 


•7 


52-4647 


219-0402 


•125 


600831 


287-2728 


•76 


62-6218 


220-3537 


-2 


60-3187 


289-5298 


•8 


62-7788 


221-6712 


-26 


60-4768 


2910397 


•876 


53-0145 


223-6549 


-8 


60-6328 


292-6636 


•9 


530930 


224-3180 


•876 


60-8685 


294-8312 


17 inches 


63-4072 


226-9086 


•4 


60-9470 


295-5931 


•1 


63-7213 


229-6588 


-6 


61-2612 


298-6483 


•126 


53-7999 


230-3308 


-6 


61-6758 


301-7192 


•2 


54-0355 


232-3527 


-626 


61-6539 


302-4894 


•26 


54-1926 


233-7055 


•7 


61-8896 


804-8060 


•8 ' 


64-3496 


235-4623 


•76 


62-0466 


306-8550 


•876 


64-6853 


237-1049 


•8 


62-2036 


307-9082 


•4 


54-6038 


287-7877 


•876 


62-4398 


810-2452 


•6 


64-9780 


240-5287 


•9 


62-6178 


3110262 


•6 


66-2921 


243-2866 


20 inches 


62-8320 


3181620 


•626 


65-3707 


24S-9771 


•1 


63-1461 


317-3094 


•7 


66-6063 


246-0679 


•126 


63-2247 


318-0992 


•76 


65-7634 


247-4600 


•2 


63-4603 


820-4746 


•8 


66-9204 


248-8461 


.26 


63-6174 


3220630 


•876 

1 


66-1561 


260-9475 


•8 


68-7744 


823-6664 
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Tt^le of the Cireuv^erencetf j-e. — Continued. 



Diameter. 


Cirevm. 


Area. 


Diameter. 


Cirenm. 


Area. 


•376 


64-0101 


328-0514 


•8 


71-6284 


408-2828 


•4 


64-0886 


326-3520 


•876 


71-8641 


410-9728 


•6 


64^4028 


8300643 


•9 


71-9426 


411-8716 


•6 


64-7161 


333-2923 


23 inches 


72-2668 


416^4766 


•625 


64-7955 


3341018 


•1 


72-5709 


419-6972 


•7 


65-0311 


336-5360 


•126 


726495 


420-0049 


•76 


661882 


8381637 


•2 


72-8851 


422-7386 


•8 


65-3462 


339^7964 


•26 


73 0422 


424-5677 


•876 


66-5809 


342-2503 


•8 


78-1992 


426-8858 


•9 


65-6594 


3430705 


•875 


78^4349 


429-1352 


2linolies 


65-9736 


346-3614 


•4 


73-5134 


480-0636 


•1 


66-2870 


349-6679 


•6 


73^8276 


483-7371 


•125 


66-3663 


350-4970 


•6 


74^1417 


487-4868 


•2 


66^6012 


352-9901 


•626 


74^2203 


438^3636 


•26 


66-7590 


354-6671 


•7 


74^4669 . 


4411611 


•3 


66-7916 


366-8281 


•75 


74^6130 


4431149 


•376 


67^1517 


358-8419 


•8 


74-7680 


444-8819 


•4 


67-2930 


359-6817 


•875 


760067 


447^6992 


•5 


67^5444 


3630511 


•9 


76^0882 


448-6283 


•6 


67-8585 


366-4362 


24 inches 


75-3984 


462-8904 


•625 


67-9371 


867-2849 


•1 


76-7125 


456^1681 


•7 


68-1727 


369-8370 


•126 


75-7911 


457^1160 


•76 


68-3298 


871 6432 


•2 


76-0267 


459-9616 


•8 


68-4868 


3732634 


•25 


76-1838 


461^8642 


•876 


68-7226 


876^8261 


•8 


76-3408 


463^7708 


•9 


68^8010 


376^6856 


•875 


76-5765 


466^6880 


22inche8 


69^1152 


880-1336 


•4 


76-6523 


467 •6967 


•1 


69^4923 


383-5972 


•6 


76-9692 


471 •4363 


•126 


69^6079 


384-4656 


-6 


77-2833 


476-2926 


•2 


69-7435 


387-0766 


•625 


77-3619 


476-2592 


•25 


69-9006 


888-8220 


•7 


77-6976 


479-1646 


•3 


700576 


390-5761 


•75 


77-7546 


481-1065 


•876 


70-2933 


893-2031 


-8 


77^9116 


483-0524 


•4 


70^3718 


394-0823 


•876 


781473 


485-9785 


•6 


70-6860 


397-6087 


•9 


78^2258 


486-9658 


•6 


71^0001 


401-1509 


25 inches 


78-5400 


490-8750 


•625 


71-0787 


4020388 


•1 


78-8541 


494-8098 


•7 


71-3143 


404-7087 


•126 


78^9327 


496-7960 


•75 


71-4714^ 


406-4935 


-2 


79^1683 


498-7604 
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TabU of the Oircum/ereneet, j*c. — Continued. 



Diameter. 


Giroum. 


Are*. 


Diameter. 


Cirenm. 


Area. 


•26 


798254 


500-7416 


•7 


87^0223 


602-6295 


•3 


79^4824 


602-7266 


•76 


87-1794 


604-8070 


•876 


79^7181 


505-7117 


•8 


87-3864 


606-9885 


•4 


79-7966 


606-7086 


-876 


87-6721 


610-2680 


•5 


80-8108 


610-7063 


•9 


87-6606 


611-3632 


•6 


80-4249 


514-7196 


28 inches 


87-9648 


615-7536 


•625 


80-5035 


515-7266 


•1 


88-2789 


6201596 


•7 


80-7391 


518-7488 


•126 


88-3575 


621-2636 


•76 


80-8962 


520-7692 


•2 


88-5931 


624-5814 


•8 


81-0532 


522-7936 


-26 


88-7602 


626-7982 


•876 


81-2889 


525-8375 


" -3 


88-9072 


6290190 


•9 


81-3674 


526-8541 


•875 


891429 


632-3574 


26 inches 


81-6816 


530-9304 


•4 


89-2214 


633-4722 


•1 


81-9976 


535-4223 


•6 


89-5356 


637-9411 


•125 


82-0748 


536-0477 


•6 


89-8497 


642-4257 


•2 


82-3099 


5391290 


•626 


89-9283 


643-5494 


•25 


82-4670 


641-1896 


•7 


90-1639 


646-9261 


•3 


82-6240 


543-2533 


•75 


90-3210 


649-1821 


•375 


82-8597 


§46-3561 


-8 


90-4780 


651-4421 


•4 


82-9382 


647-3923 


•875 


90-7137 


654-8396 


•5 


83-2524 


651-5471 


•9 


90-7922 


655-9739 


•6 


83-5665 


556-7176 


29 inches 


91-1064 


660-5214 


•626 


83-6461 


556-7627 


•1 


91-4206 


665-0846 


•7 


83-8007 


659-9038 


•126 


91-4991 


666-2278 


•76 


84-0378 


562-0027 


•2 


91-7347 


669-6634 


•8 . 


84-1948 


564-1056 


•25 


91-8918 


671-9587 


•876 


84-4305 


567-2674 


•3 


92-0488 


674-2580 


•9 


84-6090 


568-8232 


-376 


92-2846 


677-7143 


27inche8 


84-8232 


572-5566 


•4 


92-3630 


678-8683 


•1 


86-1378 


676-8056 


-6 


92-6772 


683-4943 


•126 


85-2159 


577-8703 


•6 


92-9913 


688-1360 


•2 


85-4515 


581-0703 


•626 


98-0699 


689-2989 


•25 


85-6086 


583-2086 


•7 


93-3054 


692-7934 


•3 


85-7656 


585-3607 


•75 


93-4626 


695-1280 


•376 


860013 


588-5714 


-8 


93-6196 


697-4666 


•4 


86-0798 


689-6469 


•876 


93-8553 


700-9817 


•6 


86-3940 


593-9587 


•9 


93-9338 


702-1664 


•6 


86-7081 


698-2863 


80 inches 


94-2480 


706-8600 


•625 


86-7867 


699-8706 


•1 


94-5621 


711-6802 
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Table of the CHrcumfereneeSt j-c. — Continaed. 



Diameter. 


Cirevm. 


Area. 


DUm«tor. 


dromn. 


ArMk 


•126 


94^6407 


712-7627 


•6 


102^4161 


834-6917 


•2 


94-8768 


716-3162 


•626 


102-4947 


835-9724 


•26 


96-0334 


718-6900 


-7 


102-7303 


839-8203 


•8 


95-1904 


721-0678 


•75 


102-8874 


842-3905 


•876 


96-4261 


724-6419 


•8 


103-0444 


844-9647 


•4 


96-6046 


726-8862 


•876 


103-2801 


848-8833 


•6 


96-8188 


730-6183 


•9 


103-8686 


850-1248 


•6 


96-1829 


735-4171 


33 inches 


103-6728 


856-3006 


•626 


96-2116 


736-6193 


•1 


103-9869 


860-4920 


•7 


96-4471 


740-2316 


•126 


104-0653 


861-7904 


•76 


96-6842 


742-6447 


-2 


104-3011 


865-6992 


•8 


96-7612 


746-0618 


•26 


104-4580 


868-3068 


•876 


96-9969 


748-6948 


-8 


104-6151 


870-9222 


•9 


97-0754 


749-9077 


•376 


1P4-8507 


874-8477 


81 inches 


97-3896 


764-7694 


•4 


104-9294 


876-1608 


•1 


97-7037 


769-6467 


•6 


106-2436 


881-4151 


•126 


97-7828 


760-8685 


•6 


106-6577 


886-6861 


•2» 


980179 


764-6397 


•626 


106-6861 


8880080 


•26 


98-1760 


766-9921 


■•7 , 


105-8719 


891-9709 


•3 


98-3320 


769-4485 


•76 


106-0288 


894-6176 


•876 


98-6677 


773-1404 


•8 


106-1860 


897-2728 


•4 


98-6462 


774-3729 


•876 


106-4216 


901-2567 


•5 


98-9604 


779-3181 


•9 


106-5002 


902-5895 


•6 


99-2746 


784-2689 


84inche8 


106-8144 


907-9224 


•626 


99-3631 


785-5104 


•1 


107-1285 


913-2709 


•7 


99-6887 


789-2406 


-126 


107-2069 


914-6084 


•76 


99-7458 


791-7322 


•2 


107-4272 


918-6352 


•8 


99-9028 


794-2278 


•25 


107-6995 


921-3211 


•876 


100-1365 


797-9786 


-8 


107-7568 


924-4116 


•9 


100-2170 


799-2308 


-376 


107-9922 


928-0584 


82 inches 


100-6312 


804-2496 


•4 


108-0718 


929-4109 


•1 


100-8458 


809-2840 


-6 


108-3852 


934-8228 


•126 


100-9240 


810-6460 


-6 


108-6593 


940-2494 


•2 


101-1596 


814-3341 


•626 


108-7779 


941-6066 


•26 


101-3166 


816-8660 


•7 


109-0352 


945-6922 


•8 


101-4736 


819-3999 


•76 


109-1703 


948-4174 


•876 


101-7093 


823-2096 


•8 


109-307fr 


961-1508 


•4 


101-7478 


824-4815 


•875 


109-5630 


956 -2529 


•6 


102-1020 


829-6787 


•9 


109-6418 


956-6250 
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Table of the Oireum/ereneetf ^-c— Continued. 



Diameter. 


Ciroum. 


Area. 


Diameter. 


Ciroumu 


Area. 


35 inches 


109^9560 


9621150 


-4 


117^4958 


1098-5862 


•1 


110-2701 


967-6206 


-5 


117-8100 


1104-4687 


•125 


110-3484 


968-9973 


•6 


118-1241 


1110-3671 


•2 


110-6843 


9731420 


-625 


118-2027 


1111-8441 


•25 


110-7411 


975-9063 


-7 


118-4383 


1116-2811 


•3 


110-8984 


978-6790 


•75 


118-6964 


1119-2440 


•875 


1111338 


982-8400 


•8 


118-7524 


1122-2109 


•4 


111-2126 


984^2318 


•876 


118-9881 


1126-6686 


•6 


111^6268 


989-8003 


•9 


119-0666 


1128-1564 


•6 


111-8419 


996-3845 


38 inches 


119-3808 


1134-1176 


•625 


111-9192 


996-7807 


•1 


119-6949 


1140-0946 


•7 


112-1651 


lOOe-9843 


•125 


119-7735 


1141-6911 


•75 


112-3119 


1003-7879 


•2 


120-0091 


1146-0870 


•8 


112-4692 


1006-6000 


•25 


120-1662 


1149-0892 


•875 


112-7046 


1010^8197 


•8 


120-3232 


11620964 


•9 


112-7834 


1012-2313 


-375 


120-6689 


1166-6119 


86inche8 


113-0976 


1017-8784 


-4 


120-6374 


1168-1194 


•1 


113-4117 


1023-5411 


-6 


120-9516 


1164-1691 


•125 


113-4903 


1024-9692 


-6 


121-2657 


1170-2146 


•2 


113-7269 


1029-2195 


-626 


121-3443 


1171-7309 


•25 


113-8830 


10320646 


•7 


121-5799 


1176-2867 


•3 


114-0400 


1034-9131 


-75 


121-7370 


1179-3271 


•875 


114-2767 


1039-1946 


-8 


121-8940 


1182-8726 


•4 


114^1542 


1040-6235 


-875 


122-1297 


1186-9480 


•6 


114-6684 


1046-3491 


-9 


122-2082 


1188-4661 


•6 


114-9825 


1062-0904 


39inches 


122-5224 


1194-6934 


•625 


116^0611 


1063-5281 


-1 


122-8365 


1200-7273 


•7 


115-2967 


1057-8474 


-125 


122-9161 


1202-2633 


•75 


115-4638 


1060-7317 


-2 


123-1607 


1206-8770 


•8 


116-6108 


1063-6200 


-25 


123-3078 


1209-9677 


•875 


116-8466 


1067-9699 


-3. 


123-4648 


12130424 


•9 


116-9250 


1069-4084 


-375 


123-7006 


1217-6768 


37 inches 


116-2392 


1076-2126 


•4 


123-7790 


1219-2243 


•1 


116-6533 


1081-0324 


-5 


124-0932 


1226-4203 


•125 


116-6319 


1082-4898 


•6 


124-4073 


1231-6328 


•2 


116-8676 


1086-8679 


•625 


124-4859 


1233-1884 


•25 


lJf-1246 


1089-7916 


•7 


124-7215 


1237-8610 


•3 


117-1816 


1092-7191 


•75 


124-8786 


1240-9810 


•375 


117-4173 


1097-1179 


•8 


125-0366 


12441210 



STBAM AND THE STEAM-ENGINE. 118 

Table of the CircumfereneeSy ^c. — Continned. 



Diameter. 


Ciroum. 


Area. 


Diameter. 


Clrotun. 


Area. 


•875 


126-2713 


1248-7982 


•25 


132-7326 


1401-9880 


•9 


125-8498 


1250-3646 


•8 


132-8896 


1405-3088 


10 inches 


125-6640 


1256-6400 


•875 


138-1253 


1410-2961 


•1 


125-9781 


1262-9310 


•4 


133-2038 


1411-9607 


•125 


126-0567 


1264-6062 


•5 


188-5180 


1418-6287 


•2 


126-2929 


1269-2388 


•6 


138-8821 


1426-3125 


•25 


126-4494 


1272-3970 


-625 


133-9107 


1426-9859 


•8 


126-6064 


1275-6602 


•7 


184-1468 


1482-0119 


•375 


126-8421 


1280-3124 


•75 


184-3084 


1486-3676 


•4 


126-9206 


1281-8984 


-8 


184-4604 


1488-7271 


•5 


127-2348 


1288-2523 


•876 


134-6961 


1443-7738 


•6 


127-5489 


1294-6219 


-9 


134-7746 


1445-4680 


•625 


127-6276 


1296-2168 


43 inches 


136-0888 


1452-2046 


•7 


127-8631 


1301-0071 


-1 


135-4129 


1468-9668 


•75 


128-0202 


1304-2067 


-125 


186-4815 


1460-6699 


•8 


128-1772 


1307-4082 


•2 


185^7179 


1466-7448 


•876 


128-4129 


1312-2198 


-26 


185-8742 


1469-1397 


•9 


128-4914 


1813-8249 


-3 


186-0332 


1472-6886 


41 inches 


128-8056 


1320-2574 


-375 


136-2669 


1477-6342 


•1 


1291197 


1326-7056 


-4 


136-8454 


1479-8480 


•126 


129-1983 


1328-3200 


-6 


186-6596 


1486-1731 


2 


129-4323 


1838-1693 


•6 


186-9787 


14980139 


•26 


129-5910 


1336-4071 


-625 


187-0623 


1494-7266 


•3 


129-7480 


1339-6489 


-7 


137-2879 


1499-8706 


•375 


129-9837 


1344-6189 


*6 


137-4450 


1608-3046 


•4 


130-0622 


1346-1441 


•8 


137-6020 


1-506-7427 


•6 


130-3764 


1362-6661 


-876 


137-8877 


1511-9072 


•6 


130-6905 


1359-1818 


-9 


187-9162 


1618-6287 


•625 


180-7691 


1360-8169 


44 inches 


188-2304 


1620-6844 


•7 


181-0047 


1365-7242 


-1 


138-6445 


1627-4687 


•75 


131-1618 


1369-0012 


•126 


188-6281 


1529-1860 


•8 


131-3188 


1372-2822 


•2 


138-8587 


1584-8888 


•876 


181-5645 


1877-2111 


•25 


189-0168 


1687-8622 


•9 


131-6320 


1878-8560 


•8 


1891728 


1641-8396 


42 inches 


131-9472 


1886-4456 


-375 


189-4085 


1646-5530 


•1 


132-2613 


18920608 


-4 


189-4870 


1648-3061 


•126 


132-8399 


1898-7046 


•6 


189-8012 


1566-2888 


•2 


132-5766 


1398-6717 


•6 


140-1163 


1562-2862 
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Table of the dreumferenees, 4*^^. — Continued. 



Diameter. 


Ciroum. 


Are*. 


Diameter. 


Cirenm. 


Area. 


•626 


140-1939 


1564-0382 


47 inches 


147-6662 


1734-9486 


•7 


140-4295 


1569-2998 


•1 


147-9693 


1742-8392 


•76 


140-6866 


1572-8125 


•126 


1480479 


1744-1893 


•8 


140-7436 


1576 3292 


•2 


148-2836 


1749^74&5 


•875 


140-9793 


1581-6116 


•26 


148-0406 


1763-4546 


•9 


141-0678 


1583-3742 


•3 


148-5976 


1757-1675 


45 inches 


141-8720 


1590-4350 


•376 


148-8333 


1762-7344 


•1 


141^6861 


1597-6114 


•4 


148-9118 


1764-6045 


•125J 
•2 


141^7647 


1599-2830 


•6 


149-2260 


1772-0587 


142-0003 


1604-6036 


•6 


149-5361 


1779-8279 


f' 


142-1574 


1608-1655 


-625 


149^6187 


1781-3976 


142-3144 


1611-7114 


•7 


149-8543 


1787-0127 


•375f 
•4 


142-5501 


1617-0427 


•76 


160-0114 


1790-7610 


142-6286 


1618-8350 


•8 


160-1684 


1794-6133 


f 


142-9428 


1625-9743 


•876 


160-4041 


1800-1490 


143-2569 


1633-1293 


•9 


150^4826 


1802-0296 


•626f 


143-3855 


1634-9205 


48 inches 


160-7968 


1809-5616 


•7 


143-5711 


1640-3020 


•1 


15M109 


1817-1092 


•75, 


143-7282 


1643-8912 


•126 


151-1896 


1818-9986 


143-8852 


1647^4864 


•2 


151-4261 


1824-6726 


•875i 
•9 


144^1209 


1652-8865 


•26 


151-5822 


1828^4602 


144^1994 


1654-6886 


•3 


161-7392 


1832-2618 


46 inches 


144^5136 


1661-9064 


-376 


161-9749 


1837-9364 


•1 


144-8277 


1669-1399 


•4 


152-0534 


1839-8466 


•126 


144-9063 


1670-9IP7 


•6 


152-3676 


1847-4571 


•2 


145-1419 


1676-3891 


•6 


152-6817 


1855-0833 


•26 


145-2990 


16800196 


•625 


162-7603 


1856-9924 


•3 


145-4660 


1683-6541 


•7 


162-9569 


1862-7253 


•375 


145-6917 


1689-1031 


•75 


163-1630 


1868-6521 


•4 


145-7712 


1690-9347 


•8 


158-3100 


1870-3829 


•5 


146-0844 


1698-2311 


•875 


153-6457 


1876-1365 


•6 


146-3986 


1706-5432 


-9 


163-6242 


1878-0663 


•625 


146-4771 


1707-3737 


49 Inches 


163-9384 


1886-7464 


•7 


146-7127 


1712-8710 


•1 


164-2525 


1893-4501 


•75 


146-8698 


1716-6407 


•126 


164-3311 


1896-3788 


•8 


147-0628 


1720-2144 


-2 


164-5667 


1901-1706 


•876 


147-2625 


1725-7324 


•26 


164-7238 


1906-0367 


•9 


147-3410 


1727-5736 


•8 


164-8808 


1908-9068 
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TctbU of the (JircumfereneeSf ^c. — Continued. 



Diameter. 


Ciroiim. 


Area. 


Diameter. 


Cireum. 


Area. 


•876 

•4 

•6 

•6 

•626 


1551166 
166-1950 
155-5092 
165-8233 
155-9019 


1914-7093 
1916-6687 
1924-4263 
1932-2096 
1934-1679 


•7 

•75 

•8 

•876v 

•9 


1661376 

166-2946 
156-4616 
156-6873 
156-7568 


1940-0006 
1943-9140 
1947-8234 
1963-6947 
1966-6638 
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PRACTICAL BXAMINATOR ON 



Table of Squarei, Cubes, Square and Cvf>e Hoott of Humbert, 



Cubes. 


Squares. 


Number. 


Square Boots. 


Cabe Boot4. ' 


1 


1 


1 


1-0000000 


1-0000000 


8 


4 


2 


1-4142136 


1-2599210 


27 


9 


3 


1-7320508 


1-4422496 . 


64 


16 


4 ' 


2-0000000 


1-5874011 


125 


25. 


5 


2-2360680 


1-7099759 


216 


36 


6 


2-4494897 


1-8171216 


343 


49 


7 


2-6457513 


1-9129312 


512 


. 64 


8 


2-8284271 


2-0000000 


729 


81 


9 


3-0000000 


2-0800837 


1000 


100 


10 


3-1622777 


2-1544347 


1331 


121 


11 


3-8166248 


2-2239801 


1728 


144 


12 


3-4641016 


2-2894286 


2197 


169 


13 


3-6055513 


2-3513347 


2744 


196 


14 


3-7416574 


2-4101422 


3375 


225 


15 


3-8729833 


. 2-4262121 


4096 


256 


16 


4-0000000 


2-5198421 


4913 


289 


17 


4-1231056 


2-6712816 


5832 


324 


18 


4-2426407 


2-6207417 


6859 


361 


19 


4-3588989 


2-6684016 


8000 


400 


20 


4-4721360 


2-7144177 


9261 


441 


21 


4-5825757 


2-7589243 


10648 


484 


22 


4-6904158 


2-8020393 


12167 


529 


23 


4-7958315 


2-8438670 


13824 


676 


24 


4-8989795 


2-8844991 


15625 


625 


25 


5-ooooooa 


2-9240177 


17576 


676 


26 


50990195 


2-9624960 


19683 


729 


27 


5-1961524 


3-0000000 


21952 


784 


28 


5-2915026 


3-0365889 


24389 


841 


29 


5-3851648 ' 


3-0723168 


27011 


900 


30 


5-4772256 


3-1072325 


29791 


961 


31 


5-5677644 


3-1413806 


32768 


1024 


32 


5-6568542 


3-1748021 


35937 


1089 


33 


5-7445626 


3-2075343 


39304 


1156 


34 


5-8309519 


3-2396118 
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Table of SqtMres, CubUf S^e. — Continued. 



ChibeB. 


SqnareB. 


Nnmber. 


Square Boots. 


Cabe Room. 


42875 


1225 


35 


5-9164798 


3-2710663 


46656 


1296 


36 


60000000 


3-3019272 


■ 50653 


1369 


37 


6-0827625 


3-3322218 


54872 


1444 


38 


61644140 


3-3619754 


59319 


1521 


39 


6-2449980 


3-3912114 


64000 


1600 


40 


6-3245553 


3-4199519 


68921 


1681 


41 


6-4031242 


3-4482172 


74088 


1764 


42 


6-4807407 


3-4760266 


79507 


1849 


43 


6-5574385 


3-5033981 


85184 


1936 


44 


6-6332496 


3-5303483 


91125 


2025 


45 


6-7082039 


3-5568933 


97336 


2116 


46 


6-7823300 


3-5830479 


103823 


.2209 


47 


6-8556546 


3-6088261 


110592 


2304 


48 


6-9282032 


3-6342411 


117649 


.2401 


49 


7-0000000 


3-6593057 


125000 


2500 


50 


7-0710678 


3-6840314 


132651 


2601 


51 


7-1414284 


3-7084298 


140608 


2704 


52 


7-2111026 


3-7325111 


148877 


2809 


53 


7-2801099 


3-7562850 


157464 


2916 


54 


7-3484692 


3-7797631 


166375 


30^5 


55 


7-4161985 


3-8029525 


175616 


3136 


56 


7-4833148 


3-8258624 


185193 


3249 


57 


•7-5498344 


3-8485011 


195012 


3364 


58 


7-6157731 


3-8708766 


205379 


3481 


59 


7-6811457 


3-8929965 


216000 


3600 


60 


7-7459667 


3-9147632 


226981 


3721 


61 


. 7-8102497 


3-9304972 


238328 


3844 


62 


7-8740079 


3-9578915 


250047 


3969 


63 


7-9372539 


3-9790571 


262144 


4096 


64 


8-0000000 


4-0000000 


274625 


4225 


65 


8-0622577 


4-0207256 


287496 


4356 


66 


8-1240384 


40412401 


300763 


4489 


67 


8-1853528 


4-0615480. 


314432 


4624 


68 


8-2462113 


4-0816551 
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PRACTICAL EXAMINATOR ON 



Table of Squares, Cubes, ^e. — Cortinned. 



CnbM. 


Squares. 


Number. 


Square Roots. 


Cabe Boots. 


328509 


4761 


69 


8-3066239 


4-1015661 


343000 


4900 


70 


8-3666003 


4-1212853 


357911 


5041 


71 


8-4261498 


4-1408178 


373248 


5184 


72 


8-4852814 


4-1601676 


389017 


5329 


73 


8-5440037 


4-1793390 


405224 


5476 


74 


8-6023253 


4-1983364 


421875 


5625 


75 


8-6602540 


4-2171633 


438976 


5776 


76 


8-7177979 


4-2358286 


456533 


5929 


77 


8-7749644 


4-2543210 


474552 


6084 


78 


8-8317609 


4-2726586 


493039 


6241 


79 


8-8881944 


4-2908404 


512000 


6400 


80 


8-9442799 


4-3088695 


531441 


6561 


81 


9-0000000 


4-3267487 


551368 . 


6724 


82 


90553851 


4-3444815 


571787 


6889 


83 


91104336 


• 4-3620707 


592704 


7t)56 


84 


9-1631514 


4-3795191 


614125 


7225 


85 


9-2195445 


4-3968296 


636056 


7396 


86 


9-2736185 


4-4140049 


658503 


7569 . 


87 


9-3273791 


4-4310476 


681472 


7744 


88 


9-3808315 


4-4470692 


704969 


7921 


89 


9-4339811. 


4-4647451 


729000 


8100 


90 


9-4868330 


4-4814047 


753571 


8281 


91 


9-5393920 


4-4979414 


778688 


8464 


92 


9-5916630 


4-5143574 


804357 


8649 


93 


9-6436508 


4-5306549 


830584 


8836 


94 


9-6953597 


4-5468359 


857374 


9025 


95 


9-7467943 


4-5629026 


884736 


9216 


96 


9-7979590 


4-5788570 


912073 


9409 


97 


9-8488578 


4-5943009 


949912 


9604 


98 


9-8994949 


4-6104363 


970299 


9801 


99 


9-9498744 


4-6260650 


1000000 


10000 


100 


10-0000000 


4-6415888 


1030301 


10201 


101 


10-0498756 


4-6570095 


1061228 


10404 


102 


10-0995049 


4-6723287 
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Table of Squares, Cubea^ Sfc. — Continued. 



Cabes. 


Squares. 


Number. 


Square Boots. 


Cube Boots. 


1092727 


10609 


103 


10-1488916 


4-6875482 


1124864 


10816 


104 


10-1980390 


4-7026694 


1157625 


11025 


105 


10-2469508 


4-7176940 


1191016 


11236 


106 


10-2956301 


4-7326235 


1225043 


11449 


107 


10-3440804 


4-7474594 


1259712 


11664 


108 


10-3923048 


4-7622032 


1295029 


11881 


109 


10-4403065 


4-7768562 


1331000 


12100 


110 


10-4880885 


4-7914199 


1367631 


12321 


111 


lt)-5356538 


4-8058995 


1404928 


12524 


112 


10-5830052 


4-8202845 


1442897 


12769 


113 


10-6301458 


4-8343881 


1481344 


12996 


114 


10-6770783 


4-8488076 


1520875 


13225 


115 


10-7238053 


4-8629442 


1560896 


13456 


116 


10-7703296 


4-8769900 


1601613 


13689 


117 


10-8166538 


4-8909732 


1643032 


13924 


118 


10-8627805 


4-9048681 


1685159 


14161 


119' 


10-9087121 


4-9186847 


1728000 


14400 


120 


10-9544512 


4-9324242 


1771561 


14641 


121 


11-0000000 


4-9460874 


1815848 


14834 


122 


11-0453610 


4-9596757 


1860867 


15129 


123 


11-0905365 


4-9731898 


1906624 


15376 


124 


1P1355287 


4-9866310 


1953125 


15625 


125 


11-1803399 


5-0000000 


2000376 


15876 


126 


11-2249722 


5-0132979 


2048383 


16129 


127 


11-2694277 


5-0265257 


2097152 


16384 


128 


11-3137085 


5-0396842 


2146689 


16641 


129 


11-3578167 


5-0527743 


2197000 


16900 


130 


11-4017543 


5-0657970 


2248091 


17161 


131 


11-4455231 


5-0787531 


2299968 


17424 


132 


11-4891253 


5-0916434 


2352637 


17689 


133 


11-5325626 


5-1044687 


2408104 


17956 


134 


11-5758369 


5-1172259 


2400375 


18225 


135 


11-6189500 


5-1299278 


2515456 


18496 


136 


11-6619038 


5-1425632 
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PRACTICAL SXAMINATOR ON 



Table of Squares, Cvhee, j-e. — Contmued. 



Cabei. 


SqaarM. 


Number. 


Square Roots. 


Cabe Boots. 


2671353 


18769 


137 


11-7046999 


5-1550367 


2628072 


19044 


138 


11-7473444 


5-1676493 


2685619 


19321 


139 


11-7898261 


5-1801015 


2744000 


19600 


140 


11-8321596 


5-1924941 


2803221 


1988r 


141 


11-8743421 


5-2048279 


2863288 


20164 


142 


11-9163753 


5-2171034 


2924207 


20449 


143 


11-9582607 


5-2293315 


2985984 


20736 


144 


12-0000000 


5-2414828 


3048625 


21025 


145 ' 


12-0415946 


5-2535879 


3112136 


21316 


146 


12-0830460 


5-2666374 


3176523 


21609 


147 . 


12-1243557 


5-2776321 


3241792 


21904 . 


148 


12-1655251 


5-2895725 


3307949 


22211 


149 


12-2065556 


5-3014592 


3375000 


22500 


150 


12-2474487 


5-313^928 


3442951 


22801 


151 


12-2882057 


5-3250740 


3511008 


23104 


152 


12-3288280 


6-3368033 


3581577 


23409 


153 


12-8693169 


5-3484812 


3652264 


23716 


154 


12-4096736 


5-3601084 


3723875 


24025 


155 


12-4498996 


5-3716854 


3796416 


24336 


156 


12-4899960 


5-3832126 


3869893 


24649 


157 


12-5299641 


5-3946907 


3944312 


24964 


158 


12-5698051 


5-4061202 


4019679 


25281 


159 


12-6095202 


5-4l7«016 


4096000 


25600 


160 


12-6491106 


. 5-4258352 


4173281 


26921 


161 


12-6885775 


5-4401218 


4251528 • 


26244 


162 


12-7279221 


5-4513618 


4330747 


26569 


163 


12-7671453 


5-4625556 


4410944 


26896 


164 


12-8062485 


5-4737037 


4492125 


27225 


165 


12-8432326 


5-4848066 


4574296 


27556 


166 


12-8840987 


5-4958647 


4657463 


27889 


167 


12-9228480 


5-5068784 


4741632 


28224 


168 


12-9614814 


5-5178484 


4826809* 


28561 


169 


130000000 


6-6287748 


4913000 


28900 


170 


130384048 


5-5396583 
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TeAle of Squares, Cubei^ ^e.-— Cpptiiiued. 



CabM. 


SqiutTM. 


Number. 


SqiiMre Boots. 


GnboBoota. 


5000211 


29241 


171 


13-0766968 


5-5504990 


5088448 


29584 


172 


131148770 


5-5612578 


5177717 


29929 


173 


13-1529464 


5-5720546 


5268024 


30276 


174 


13-1909060 


6-5827702 


5359375 


30625 


175 


13-2287566 


5-5934447 


5451776 


30976 


176 


13-2664992 


5-6040787 


5545233 


31329 


177 


13-3041347 


5-6146724 


5639752 


31684 


178 


13-3416641 


5-6252263 


5735339 


32041 


179 


13-3790882 


5-6357408 


5832000 


32400 


180 


13-4164079 


5-6462162 


5929741 


32761 ' 


181 


13-4536240 


6-6566528 


6028568 


33124 


182 


13-4907376 


5-6670511 


6128487 


33489 


183 


13-5277493 


5-6774114 


6229504 


33856 


184 


13-5646600 


5-6877340 


6331625 


34225 


185 


13-6014705 


5-6980192 


6434856 


34596 


186 


13-638J817 


5-7082675 


6539203 


34969 


187 


13-6747943 


6-718479^1 


6644672 


35344 


188 


13-7113092 


6-7286543 


6751260 


35721 


189 


13-7477271 


5-7387936 


6859000 


36100 


190 


13-7840488 


5-7488971 


6967871 


36481 


191 


13-8202750 


5-7589652 


7077888 


36864 


192 


13-8564065 


5-7689982 


7189517 


37249 


193 


13-8924400 


6-7789966 


7301384 


37636 


194 


13-9283883 


5-7889604 


7414875 


38025 


195 


13-9642400 


5-7988900 


7529536 


38416 


196 


14-0000000 


5-8087857 


.7645373 


38809 


•197 


14-0356688 


5-8186479 


7762392 


39204 


198 


140712473 


5-8284867 


7880599 


39601 


199 


14-1067360 


5-8382725 


8000000 


40000 


200 


14-1421356 


5-8480355 
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PRACTICAL EXAMINATOR ON 



Titb^ of HyperhoUc Logitrithmi, 



KvBilHr. 


Lo^rittio!!!. 


^NnntWr. 


LogArlthuL 


Nvuber. 


. Logftrithmi. 


1-01 


•0099608 


1-40 


•3364722 


1-79 


•6822166 


1-02 


•0198026 


1^41 


•3436897 


1-80 


•5877866 


108 


•0296688 


142 


•8606668 


1^81 


•6933268 


104 


•0892207 


148 


•8676744 


1-82 


•6988365 


105 


•0487902 


1-44 


•3646431 


1-83 


•6043169 


1-06 


•0682689 


146 


•3716686 


1-84 


•6097666 


107 


•0676686 


1^46 


•8784364 


1-85 


•6161856 


108 


•0769610 


1^47 


•8852624 


1^86 


•6205764 


1-09 


•0861777 


1-48 


•3920420 


1-87 


•6269384 


MO 


•0968102 


1^49 


•3987761 


1-88 


•6312717 


111 


•1043600 


1-60 


•4054661 


1-89 


•6366768 


112 


•1188287 


1-51 


•4121096 


1-90 


•6418638 


113 


•1222176 


1-52 


•4187103 


1-91 


•6471032 


114 


•1810283 


1-68 


•4262677 


1-92 


•6623251 


116 


•1397619 


1-54 


•4317824 


1-93 


•6575200 


116 


•1484200 


1-66 


•4382649 


1-94 


•6626879 


117 


•1670087 


1-66 


•4446868 


1-95 


•6678293 


M8 


•1665144 


1-57 


•4610766 


1-96 


•6729444 


M9 


•1789633 


1-58 


•4674248 


1-97 


•6780385 


1-20 


•1823216 


1-69 


•4637340 


1-98 


•6830968 


1-21 


•1962080 


1-60 


•4700036 


1-99 


•6881346 


1-22 


•1988508 


1^61 


•4762341 


200 


•6931472 


1-28 


•2070141 


1-62 


•4824261 


201 


•6981347 


1-24 


•2151118 


1-63 


•4886800 


2-02 


•7030974 


1-26 


•2281485 


1-64 


•4946962 


2-03 


•7080357 


1-26 


•2841117 


1-66 


•6007762 


2-04 


•7129497 


1-27' 


•2390169 


1-66 


•6068176 


205 


•7178397 


1-28 


•2468600 


1^67 


•6128286 


2-06 


•7227059 


1-29 


•2646422 


1-68 


•5187987 


2^07 


•7276485 


1-80 


•2628642 


1-69 


•6247285 


2^08 


•7823678 


1-81 


•2700271 


1^70 


•6806282 


2^09 


•7816470 


1-82 


•2776817 


1^71 


•5864983 


2^10 


• •7419878 


1-88 


•2861789 


1^72 


•6423242 


2^11 


•7466879 


1-84 


•2926696 


1-73 


•6481214 


212 


•7614160 


1-86 


•8001046 


1.74 


•5638861 


2^18 


•7661219 


1-86 


•8074846 


1^75 


•6596157 


2^14 


•7608058 


1-87 


•8148107 


1^76 


•5658188 


2^15 


•7664678 


1-88 


•8220884 


1-77 


•5709796 


2-16 


•7701082 


1*89 


•8298087 


1-78 


•6766188 


2-17 


^ -7747271 
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Table o/BffperboUe LogantkiM — Continued. 



Namberl 


LogwithmB. 


Nvmber. 


Logarithmt. 


Namh«r. 


Logftritbmi. 


2-18 


•7793248 


2^57 


•9439058 


2-96 


1^0851892 


2-19 


•7839016 


2^68 


•9477898 


2-97 


1 •0885619 


2-20 


•7884573 


2^59 


•9516578 


2-98 


1-0919238 


2-21 


•7929026 


2^60 


•9555114 


2-99 


1-0962733 


2-22. 


•7975071 


2-61 


•9598602 


300 


1-0986123 


2-28 


•8021016 


2^62 


•9681743 


3-01 


1-1019400 


2-24 


•8064758 


2-68 


•9669838 


802 


1-1062668 


2-26 


•8109302 


2^64 


•9707789 


803 


1-1085626 


2-26 


•8158648 


2-66 


•9746696 


304 


M118576 


2-27 


•8197798 


2^66 


•9788261 


306 


11511416 


2-28 


•8241754 


2-67 


•9820784 


8-06 


1-1184149 


2-29 


•8286618 


2-68 


•9868167 


307 


1^1216775 


2-80 


•8329091 


2-69 


•9895411 


3-08 


1^1249295 


2-31 


•8372476 


2-70 


•9982517 


8-09 


1^1281710 


2-82 


•8416671 


271 


•9969486 


3-10 


1-1814021 


2-33 


•8468682 


2-72 


1-0006818 


8-11 


1-1846227 


2-34 


•8601609 


2-73 


10048016 


8-12 


1-1878880 


2-86 


•8644163 


2-74 


1 •0079579 


8-18 


1-1410880 


2-36 


•8686616 


276 


10116008 


8-14 


1-1442227 


2-37 


•8628899 


2-76 


1 •0152806 


3-15 


11474024 


2-38 


•8671004 


277 


1-0188473 


3-16 


1-1606720 


2-39 


•8712983 


2-78 


1-0224509 


3-17 


1 •1687815 


2-40 


•8754687 


2^79 


1^0260416 


8-18 


1-1668811 


2-41 


•8796267 


2^80 


I^0296194 


8-19 


1-1600209 


2-42 


•88376Y5 


2-81 


1-0381844 


3-20 


1-1631608 


2-43 


•8878912 


2-82 


1-0867368 


821 


1 •1662709 


2-44 


•8919980 


2^88 


l-040'2766 


8-22 


1-1698813 


2-46 


•8960880 


2-84 


10438040 


828 


1 •1724821 


2-46 


•9001613 


2-86 


1-0478189 


8^24 


1^17667Sd 


2-47 


•9042181 


2^86 


1^0508216 


8^26 


1^1786649 


2-48 


•9082686 


2^87 


1-0548120 


3-26 


M817271 


2-49 


•9122826 


2^88 


1-0577902 


827 


M847899 


2-50 


•9162907 


2^89 


1-0612564 


828 


1^1878434 


2-61 


•9202827 


2^90 


1^0647107 


8^29 


1^1908876 


2-52 


•9242689 


2-91 


10681580 


830 


1 -1989224 


2-63 


•9282193 


2*92 


1^0715886 


3-31 


1-1969481 


2-64 


•9821640 


2-98 


1 •076(0024 


8-82 


1^1999647 


2-65 


•9360933 


2-94 


1-0784095 


8-83 


1^2029722 


2-66 


••9400072 


295 


1-0818061 


884 


1 •2069707 
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Table of HyperboUc Lojforithnu — Continued. 



Kuibttr. 


LogMTtthmt. 


Number. 


LogsrithmB. 


Number. 


Logwlfibmi. 


8-86 


1-2089608 


8-74 


1-8190866 


4-13 


1-4182774 


8-86 


1-2119409 


8-75 


1-3217568 


4-14 


1-4206957 


8-87 


1-2149127 


8-76 


1-3244189 


4-15 


1-4231083 


8-88 


1-2178767 


8-77 


1-3271749 


4-16 


1-4255160 


8-89 


1-2208299 


8-78 


1-3297240 


417 


1-4279160 


8-40 


1-2287754 


8-79 


1-3323660 


4-18 


1-4323112 


8*41 


1-2267122 


8-80 


1-3850010 


4-19 


1-4327007 


8-42 


1-2296406 


8'81 


1-3376291 


4-20 


1-4350846 


8-48 


1-2826605 


3-82 


1-3402504 


4-21 


1-4374626 


8-44 


1-2864714 


8-83 


1-3428648 


422 


1-4398351 


8-46 


1-2887420 


8-84 


1-3464723 


4-28 


1-4422020 


8-46 


1-2412686 


8-86 


1-8480731 


4-24 


1-4445632 


8-47 


1-2441546 


8-86 


1-8606671 


4-26 


1-4469189 


8-48 


1-2470822 


8-87 


1-3632644 


4-26 


1-4492691 


8-49 


1-2499017 


3-88. 


1-3568351 


4-27 


1-4516138 


8-60 


1-2627629 


8-89 


1-3684091 


4-28 


1-4539530 


8-61 


1-2666160 


3-90 


1-3609765 


4-29 


1-4662867 


8-62 


1-2684609 


8*91 


1-3635373 


4-30 


1-4586149 


8-68 


1-2612978 


3-92 


1-3660916 


4*31 


1-4609379 


8-54 


1-2641266 


8-93 


1-3686394 


4-32 


1-4632653 


8-55 


1-2669476 


3-94 


1-3711807 


4-83 


1-4665635 


8*66 


1-2697605 


3-96 


1-8737166 


4-34 


1-4678743 


8-67 


'1-2726665 


3-96 


1-3726440 


4-36 


1-4701768 


8-68 


1-2768627 


3-97 


1-3787661 


4-86 


1-4724720 


8*59 


1-2781521 


3-98 


l-n812818 


4-87 


1-4747630 


8-60 


1-2809338 


3-99 


1-3837912 


4-38 


1-4778487 


8-61 


1-2887077 


4-00 


1-3862943 


4-39 


1-4793292 


8-62 


1-2864740 


4-01 


1-3887912 


4-40 


1-4816046 


8*63 


1-2892826 


4-02 


1-3912818 


4-41 


1-4838746 


8-64 


1-2919886 


403 


1-8937663 


4-42 


1-4838746 


8-65 


1-2947271 


404 


1-3962446 


4-43 


1-4883996 


8-66 


1-2974681 


4-06 


1-3987168 


4-44 


1-4906543 


8-67 


1-8001916 


406 


1-4011829 


4-45 


1-4929040 


8-68 


1-8029127 


407 


1-4036429 


4-46 


1-4914870 


8-69 


1-8056264 


408 


1-4060969 


4-47 


1-4973883 


8-70 


1-3083828 


4-09 


1-4085449 


4-48 


1-4996230 


8-71 


1-3110818 


410 


X-4109869 


4-49 


1-6018527 


8-72 


1-8187236 


4-11 


1-4134230 


4-50 


1-5040774 


8-78 


1-3164082 


4-12 


1-4158681 


4-51 


1-6062971 
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TabU of Hyperbolic Logarithrm- 


-Continued. 


Number. 


Logwithnu. 


Namber. 


Logarithms. 


Number. 


Logftritbma. 


4-62 


1-6085119 


4-91 


1-6912739 


5-30 


1-6677068 


4-63 


1-6107219 


4-92 


1-6933085 


5-31 


1-6696918 


4-64 


1-6129269 


4-93 


1-6953389 


6-32 


1-6714738 


4-65 


1-6161272. 


4-94 


1-5978663 


5-33 


1-6738512 


4-66 


1-6173226 


4-95 


1-5993876 


6-34 


1-6762266 


4-57 


1-6195132 


4-96 


1-6014067 


5-35 


1-6770965 


4-58 


1-6216990 


4-97 


1-6034198 


5-36 


1-6789639 


4-59 


1-6238800 


4-98 


1-6064298 


5-37 


1-6808278 


4-60 


1-6260663 


4-99 


1-6074358 


6-38 


1-6826882 


4-61 


1-6282278 


6-00 


1-6094379 


5-39 


1-6845463 


4-62 


1-6303947 


6-01 


1-6114369 


5-40 


1-6868989 


4-63 


1-6326668 


602 


1-6134300 


5-41 


1-6882491 


4-64 


1-5347148 


5-03 


1-6164200 


5-42 


1-6900958 


4-66 


1-6368672 


6-04 


1-6174060 


5-43 


1-6919391 


'4-66 


1-5390164 


5-05 


1-6193882 


5-44 


1-6937790 


4-67 


1-6411690 


6-06 


l-62r3664 


6-46 


1-6956155 


4-68 


1-6432981 ' 


6-07 


1-6233408 


6-46 


1-6974487 


4-69 


l-'6464326 


6-08 


1-6253112 


5-47 


1-6992786 


4-70 


1 •6476626 


5-09 


1-6272778 


,5-48 


1-7011051 


4-71 


1-5496879 


5-10 


1-6292406 


5-49 


1-7029282 


4-72 


1-5618087 


5-11 


1-6311994 


6-50 


1-7047481 


4-73 


1-6539262 


5-12 


1-6331544 


5-51 


1-7066646 


4-74 


1-6560371 


5-13 


1-6361056 


5-62 


1-7083778 


476 


1-6581446 


5-14 


1-6370530 


6-53 


1-7101878 


4-76 


1-5602476 


6-16 


1-6389967 


5:54 


1-7119944 


4-77 


1-5623462 


6-16 


1-6409365 


6-65 


1,-7137979 


4-78 


1-5644405 


517 


1-6428726 


5-56 


1-7165981 


4-79 


1-5666304 


5-18 


1-6448050 


5-57 


1-7173960 


4-80 


1-5686169 


5-19 


1-6463336 


5-68 


1-7191887 


4-81 


1-6706971 


6-20 


1-6486586 


6-59 


1-7209792 


4-82 


1-5727739 


5-21 


1-6506798 


6-60 


1-7227666 


4-83 


1-5748464 


5-22 


1-6524974 . 


5-61 


1-7245507 


4-84 


1-6769147 


5-23 


1-6544112 


5-62 


1-7263316 


4-86 


1-5789787 


5-24 


1-6563214 


5-63 


1-7281004 


4-86 


1-6810384 


5-25 


1-6582280 


5-64 


1-7298840 


4-87 


1-5830939 


5/26 


1-6601310 


5-65 


1-7316655 


4-88 


1-5861462 


6-27 


1-6620303 


6-66 


1-7384288 


4-89 


1-5870923 


5-28 


1-6639260 


6-67 


1-7361891 


4-90 


1-5892362 


5-29 


1-6668182 


5-68 


1-7369612 
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PRACTICAL EXAMnSTATOB OS 



Table of Hyperbolic Loffarithnu—^joniimitd. 



N«nb«r. 


liOgurithiM. 


Namb«r. 


Logftrithma. 


NnnlMr. 


Logarithms. 


5-69 


1-7887102 


5-98 


1-7800242 


6-17 


1-8196988 


5-70 


1-7404661 


6-94 


1-7817091 


6-18 


1-8213182 


6-71 


1-7422189 


6-95 


1-7838112 


6-19 


1-8229861 


6-72 


1-7439687 


6-96 


1-7850704 


6-20 


1-8245108. 


6-78 


1-7467166 


6-97 


1-7867469 


6-21 


1-8261608 


6-74 


1-7474591 


6-98 


1-7884206 


6-22 


1-8277639 


5-76 


1-7491998 


5-99 


1-7900914 


6-28 


1-8298763 


6-76 


1-7&09874 


600 


1-7917694 


6-24 


1-8309801 


6-77 


1-7526720 


6-01 


1-7934247 


6-25 


1-8326814 


6-78 


1-7644036 


6-02 


1-7960872 


6-26 


1-8341801 


6-79 


1-7661823 


6-03 


1-7967470 


6-27 


1-835776E 


6-80 


1-7678579 


6-04 


1-7984040 


6-28 


1-8373699 


6-81 


1-7696805 


6-05 


1-8000582 


6-29 


1-8389610 


6-82 


1-7618002 


6-06 


1-8017098 


6-80 


1-8405496 


6-88 


1-7680170 


6-07 


1-8038686 


6-81 


1-8421366 


6-84 


1-7647880 


6-08 


1-8050047 


6-82 


1-8487191 


6-86 


1-7664416 


6-09 


1-8066481 


6-88 


1-8458002 


5-86 


1-7681496 


6-10 


1-8082887 


6-34 


1-8468787 


6-87 


1-7698546 


6-11 


1-8099267 


d-85 


1-8484547 


5*88 


1-7715667 


6-12 


1-8116621 


6-86 


1-8500288 


6-89 


1-7782669 


6-13 


1-8131947 


6-87 


1-8616994 


5-90 


1-7749628 


6-14 


1-8148247 


6-88 


1-8631680 


6-91 


1-7766458 


6-16 


1-8164520 


6-89 


1-8647342 


5-92 


1-7788864 


6-16 


1-8180767 


6-40 


1-8562979 
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Table of Natural Sinei, Co-nnea, TangmU, Oo-tangmtB^ SecanU 
and Co-tecanti to every degree of the Quadrant, 



Deg. 


Sinei. 


Co-BinM. 


T»ngeat« 


Co- 
tangente. 


8«ouitg. 


Oo-MOMtf 


Deg. 
90 





•00000 


100000 


•00000 


Infinite 


1-00000 


Infinite 


1 


•01746 


•99986 


•01746 


57-2900 


1-00015 


67-2987 


89 


2 


•03490 


•99939 


•03492 


28-6363 


1-00061 


28-6537 


88 


3 


•05284 


•99868 


•05241 


19-0811 


1^00137 


19-1073 


87 


4 


•06976 


•99756 


•06993 


14-3007 


1-00244 


14-3360 


86 


6 


•08716 


•99610 


•08740 


11-4301 


1-00382 


11-4737 


85 


6 


•10463 


•99452 


•10510 


9-61236 


1^00661 


9-56677 


84 


7 


•12187 


•99255 


•12278 


8-14436 


1^00751 


8^20651 


83 


8 


•13917 


•99027 


•14054 


7-11637 


1^00988 


Yl853a 


82 


9 


•16648 


•98769 


•16836 


6-31376 


1^01246 


6^80246 


81 


10 


•17366 


•96481 


•17633 


5-67128 


101543 


5-75877 


80 


11 


•19081 


•98163 


•19438 


5-14455 


1-01872 


6-24084 


79 


12 


•20791 


•97815 


•21256 


4-70463 


1^02234 


4-80973 


78 


i^ 


•22495 


•97437 


•23087 


4-33148 


1-02680 


4-44541 


77 


r4 


•24192 


•97030 


•24933 


401078 


103061 


4-13356 


76 


15 


•26682 


•96593 


•28796 


8-73205 


1-08688 


3-86370 


75 


10 


•27564 


•96126 


•28676 


8'48741 


1^04030 


8-62796 


74 


17 


•29237 


•95630 


•30673 


8-27086 


1-04560 


8-42030 


73 


18 


•30902 


•95106 


•32492 


3-07768 


1-06146 


3-23607 


72 


19 


•32567 


•94552 


•84433 


2-90421 


1-06762 


807166 


71 


20 


•84202 


•93969 


•36397 


2-74748 


1^06418 


2-92380 


70 


21 


•85887 


•98358 


•88386 


2^60509 


1-07114 


2-79043 


60 


22 


•37461 


•92718 


•40403 


2-47509 


1-07858 


2-66947 


68 


28 


■39073 


•02060 


•42447 


2-35585 


1^08636 


2-66930 


67 


24 


•40674 


•91355 


•44523 


2^24004 


1^09464 


2-45869 


66 


25 


•42262 


•90631 


•46631 


2^14451 


1^10838 


2-36620 


66 


26 


•43837 


•89879 


•48773 


2-06030 


1-11260 


2-28117 


64 


27 


•45390 


•89101 


•60952 


1-96261 


1«12233 


2-20869 


63 


28 


•46947 


•88295 


•53171 


1^88073 


1-13267 


2-13005 


62 


29 


•48481 


•87462 


•56431 


1-80406 


114336 


2-06266 


61 


30 


•50000 


•86603 


•57736 


1-73205 


1^16470 


2-00000 


60 


81 


•51504 


•85717 


•60086 


1^66428 


116663 


1-94160 


69 


82 


•52902 


•84805 


•62487 


1^60033 


M7918 


1-88708 


68 


S3 


•54464 


•88867 


•64941 


1-53986 


M9286 


1-83608 


67 


84 


•55919 


•82904 


•<y7461 


1^48256 


120622 


1-78829 


56 


35 


•57368 


•81915 


•70021 


1-42816 


ri2077 


1^74846 


66 


86 


•58778 


•80902 


•72654 


1-37688 


1^23607 


1-70130 


54 


37 


•60181 


•79868 


•75365 


1-32704 


lr25214 


1-66164 


68 


38 


•61566 


•78801 


•78129 


1-27994 


1^26002 


1-62427 


52 


89 


•62932 


•77715 


•80978 


1^23400 


1-28676 


1-58902 


61 


. 40 


•64279 


•76604 


•83910 


M9176 


130641 


1-55672 


50 


41 


•65606 


•75471 


•86929 


M5037 


1^32611 


1^62426 


49 


42 


•66003 


•74814 


•90040 


111061 


1-34561 


1-49448 


48 


43 


•68200 


•73135 


•93251 


1-07237 


r36706 


1-46628 


47 


44 


•69466 


•71934 


•96569 


103553 


1^39012 


1-43956 


46 


45 


•70711 


•70711 


100000 


VOOOOO 


V41421 


1-41421 


46 
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Table of the Expansion of Air by ffeat^ that at 82^ Fahrenheit 
being l-Om. 



Fah. 


Volum*. 


Fklu 


Volume.* 


Fah. 


Volame. 


36«» 


... 1-007 


86« .. 


1-121 


170O .. 


. 1-296 


40 


... 1021 


90 .. 


1-132 


180 .. 


1-316 


46 


.. 1-032 


96 .. 


1-142 


190 .. 


1-334 


50 


.. 1-043 


100 .. 


1-162 


200 .. 


1-364 


56 


.. 1-066 


. 110 .. 


1-173 


210 .. 


1-372 


60 


.. 1066 


120 .. 


1-194 


212 .. 


1-376 


66 


.. i-077 


130 .. 


1-216 


302 .. 


1-668 


70 


.. 1-089 


140 . .. 


1-236 


392 .. 


1-739 


76 


.. 1099 


160 .. 


1-266 


482 .. 


1-919 


80 


.. 1110 


160 .. 


1-276 


672 .. 


2-09'8 



NoTB. — One hundred ^arts of pure air by weight contain 
76*56 parts of nitrogen, 23*32 parts oxygen, and 1-3 carbonic 
acid, and watery yapour. 

The weight or pressure of the atmosphere equal a column 
of water 84 feet in height, or a column of mercury 80 inches 
in height, or 14*7 pounds per square inch at a mean temper- 
ature. 

The resistance of air increases as the square of the Telo- 
city, and the resistance per square foot as the yelocity mul- 
tiplied by -002288. 
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Table of the Relative Indieaiioru of Barometer and Thermometer 
at the boiling points of Freeh Water. 

When the Barometer indicates 80 inches, the boiling point is 
212^ Fah., and 0*689 of barometric pressure corresponds 
to a difference of 1® Fah. 



Columns of Fresh Water 


Qf^rometer, 




in feet equal to oolumni 
of Mercnrj in inohee. 


Height of Blercury 
in inches. 


Degrees of Fahrei^eit. 


86-07 


31 


213-67 


34-60 


80-5 


212-79 


3402 


80 


21200 


83-87 


29-5 


211-20 


82-81 


29 


210-88 


82-22 


28-5 


209-65 


81-84 


28 


208-69 


8111 


27-5 


207-84 


80-62 


27 


206-96 




In a racuum, water toils at 98-00 tO 100 



To find the height of a mountain by the Barometer, 
RuLB 1. — Multiply the difference between 82® Fah. and 
the mean temperature of the air by -21, and add the product 
to 87 if the mean temperature be above 82'', but subtract it 
if below. 

RuLB 2. — Multiply the sum or difference as found above 
by thirty times the difference between the barometric heights 
in tenths of inches, and divide the product by the mean of 
the barometric heights; the quotient is the approximated 
elevation. 

RuLB 8.^-Multiply the difference. between the mercurial 
temperatures by 2-838 feet, and add the product to the ap- 
proximated elevation if that of the upper barometer be the 
greatest, otherwise subtract it; the result will be the cor- 
rected elevation in English feet. 
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TabU of Specific Gravities, 






•Tr»ter?eiii« 


Number of 


Weirht of 
aoubMinch 


IfXTAia. 


enbio inehM 




1000. 


in a pound. 


in pounds. 


Platina 


19500 


1-417 


•7053 


Pare gold 


19258 


1-435 


•6966 


Mercury ...... 


13560 


204 


•4902 


Lead . 


11352 


2-435 


•4105 


Pure 8ilv6r 


10474 


2-638 


•3788 


Bismuth 


9823 


2-814 


•3552 


Copper 


8788 


3146 


•3178 


Brafls 


7824 


3-533 


•3036 


Iron, cast 


7264 


3-806 


•263 


Iron, bar ..... 


7700 


3-592 


•279 


Steel 


7833 


3-530 


•2833 


Tin ...... . 


7291 


3-790 


•2636 


Zinc ; 

«- 


7190 


3-845 


•26 


YABI0U9 Bodies. 


waterbeing 


Weight of 
a cubic foot 


Number of 
cubic feet 




1000. 


in pounds. 


in a ton. 


Marble, ayerage . . . 


2720 


170-0 


13 


Granite, do 


2651 


165-6 


13-5 


Ohalk, British . . . 


2781 


173-8 


1275 


Brick, red, common . . 


2160 


135-0 


. 17-5 


Brick, fire, Welsh . . 


2408 


150-5 


145 


Tallow, average .... 


942 


59-0 


38-0 


Ice, from fresh water . 


1001 


53-0 


36-5 


Coal, Welsh .... 


1526 


.95-3 


24-7 


Coal, Lancashire . . .^ 


1319 


82-4 


26-0 


Coal, Scotch .... 


1300 


81-5 


. 27-5 


Coal, cannel . . .* . 


1272 


79-5 


28-0 


Coal, Newcastle . . . 


1270 


79-3 


28-2 


Coke, dry 


755 


47-0 


47-6 
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Table of Specific €h-avitiea — Continiied. 



TIKBKB, 8SAS0irK1>. 



English oak . . . 
African oak . . . 
Riga oak .... 
Beach oak .... 
Ash oak .... 
Mahogany, Spanish . 
Bantzic oak . . . 
Riga fir . . . . . 

Maple 

Teak 

Elm 

American oak . . 

Walnut 

Pitch pine .... 

Red pine .... 

Poona ..... 

Mahogany, Honduras 
Sycamore .' . . . 
Lime-tree .... 

Cedar . ... . . 

Yellow pine . . . 

Cork 

Pine, white . . . 



Wftter being 


W«i$ht^ 
.a oubio foot 


Nnmberof 


oubio foot 


1000. 


in pounds. 


in a ton. 


934 


58 


38-5 


944 


59* 


38-0 


872 


54 


41-5 


852 


48 


450 


845 


52 


43-0 


800 


• 50 


45-(> 


756 


47 


48-0 


753 


47 


48-0 


752 


47 


47-5 


750 


46 


48-5 


673 


42 


53-0 


672 > 


42 


53-0 


671 


41-9 


53-5 


660 


41 


64-5 


657 


47 


54-5 


640 


40 


650 


637 


40 


550 


604 


38 


59.0 


600 


37 


• 69-5 


561 


35 


640 


461 


28 


80-0 


240 


15 


149-0 


426 


26 


84-2 
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TdbU of Sptcific (?rat;»<M»— Continued. 



LiQinsc. 



Water from the Dead Sea . . 
Water from the Mediterranean 
Water from the Irish Channel 
Water from the Baltic . . . 

Vinegar 

Turpentine 

Linseed oil 

Whale oil 

Proof spirit 

Rape-seed oil 

Olive oil 

Alcohol, com 



Weight. 

water being 

1000. 



Weight of u 
imp. gftllon 
in ponndB. 



1240 

1029 

1028 

1015 

1010 

991 

' 940 

923 

922 

919 

915 

837 



12-4 

10-3 

10-2 

10-2 

101 

9-8 

9-4 

9-2 

9-2 

9-3 

9-2 

8-3 



Names of Gases, Atmospherks Air being 1000. 

Carbonic acid gas 1527 

Oxygen 11.11 

Carburetted hydrogen . . . a <. . • 972 

Nitrogen r . / . 969 

Steunofwater at212^ 623 

Chlorine 470 

Hydrogen . . -. 69 
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rail; 


s of the Weight of Bar Iron. 




ROUVD. 


11 


Lim^th. 


...root 


S3 


L«ngth, 


ono foot 


Weiffat Is 


Waifht iu 


Weight in 


Weight in 


Q-9 


]K>U1lll>. 


[lOUOdl. 


pounds. 


pounds. 


i 


•164 


-0137 


8* 


25-620 


2-185 


I'ff 


•256 


-0238 


3t 


27709 


2-309 


« 


•369 


-0307 


81 


29-881 


2-490 


t\ 


•503 


-0420 


3J 


32170 


2-681 


J 


•656 


-0547 


8f 


34-472 


2-878 


A 


•831 


-0692 


81 


86-895 


8-075 


♦ 


1-025 


•0854 


3* 


39-390 


3-283 


\h 


1241 


•1034 


4 in. 


41-984 


8-499 


i 


1476 


•1230 


4t 


44-637 


3-720 


U 


1^732 


-1443 


4i 


47-385 


8-949 


i 


2-011 


•1676 


4} 


58-132 


4-428 


n 


2-306 


-1921 


4i 


59-187 


4-932 


.1 in. 


2-624 


-2187 


5 in. 


65-585 


5-465 


U 


3-321 


•2767 


6t 


72-618 


6051 


It 


4-099 


•8146 


5J 


79370 


6-614 


11 


4-961 


•4134 


51 


86-731 


7-227 


IJ 


5-918 


•4927 


6 in. 


94-610 


7-884 


11 


6-928 


•5778 


6J 


110-84 


• 9-287 


11 


8-048 


•6702 


7 in. 


128-68 


10-723 


1* 


9-224 


•7686 


7J 


147-58 


12-298 


2 in. 


10-496 


•8747 


Sin. 


167-94 


13 995 


2i 


11-846 


•9872 


8J 


189-54 


15-795 


2i 


13-288 


1107 


9 in. 
9| 


212-53 


17-710 


21 


14-797 


1-288 


236-75 


19-729 


2J 


16-396 


1-366 


10 in. 


262-.34 


21-861 


2* 


18-146 


1-512 


lOJ 


290-47 


24-206 


2t 


19-842 


1653 


11 in. 


817-48 


26-457 


-2# 


21-684 


1-307 


11* 


346-93 


28-911 


Sin. 


28 653 


1-971 


12 in. 


878-44 


81-537 



12 



184 



PBACnCAL EXAMIKATOR ON 



TabU of the Weight of Bar Iron — Continued. 



SaiTAu. I 




L«Mtk, 


«M«Klt. 


-4i 
ip 


r»(tk. 


eu«x>L 


Wtlfht ia 
poudi. 


p<m4>. 


poondf. 


WtightU 
ponnda. 


J 


•209 


-0174 


2i 


15^083 


1-257 




•470 


•0391 


2i 


16-909 


1-409 




•835 


•0696 


21 


18-840 


1-670 




1-305 


•1087 


2i 


20-875 


1-739 




1-879 


-1565 


21 


23-115 


1-926 




2-558 


•2131 


2i 


25-259 


2-105 


1 in. 


3-340 


-2783 


2* 


27-608 


2-301 


li * 


4-228 


-3523 


3 in. 


80-070 


2-506 




6-219 


•4349 


3i 


85279 


2-940 




6-316 


•5262 


3J 


40-916 


3-409 




7-516 


•6263 


3i 


46-969 


8914 




8-820 


•7350 


4 in. 


^3-440 


4-455 


14 " 


10229 


•8524 


4} 


67687 


5-636 




11743 


•9786 


6 in. 


83610 


6-969 


2 in. 


18-360 


1113 









Wtiffht of a Lineal Foot of Common Angle Iron, for the eongtru^ 
tion of Steam Boilers^ ^e. 



Breadth in 
inches. 


Wflfffht in 
pounds. 


Breadth in 
inches. 


Weight in 
poonds. 


8 

2} 
2 
2t 


10-4 
8-3 
6-6 
60 


2 


8-9 
8-8 
2-7 
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TABLE 07 THE WEIGHT OF FLAT BAB, HOOP, PLATE, AND 
£HEET IBON. 



Weiffht of a 


Lineai Foot of Flat Bar and Hoop Iron i 


\n pounds. 




BtMdth in inches. | 


Thick- 




n«M in 

iBohes. 


2* 


8 


2* 


2i 


2i 


2 


U 


H 


U 


1 


i 


i 


1-47 


1-26 


1-16 


1-06 


•094 


-084 


•073 


•068 


•062 


•042 


•031 


3-16 


2-20 


1-89 


1-73 


1-67 


1-41 


1-26 


1-10 


•094 


•078 


•063 


•047 


i 


2-94 


2-52 


2-31 


2-10 


1-89 


1-68 


1-47 


1-26 


106 


•084 


-063 


K 


4-41 


3-78 


3-46 


316 


2-83 


2-52 


2-20 


1-89 


1-67 


126 


-094 


i 


5-88 


604 


4-62 


4-20 


3-78 


3-36 


2-94 


2-22 


210 


168 


1-26 


1 


7-36 


6-30 


6-77 


6-26 


4-72 


4-20 


3-67 


315 


2-62 


2-10 


1-57 


8-82 


7-66 


6-93 


6-30 


5-66 


504 


4-41 


3-78 


3-15 


252 




« 


10-29 


8-82 


8-08 


7-36 


6:61,5-88 


514 


4.41 


3-67 


2-94 




lis. 


11-76 


10*08 


9-24 


8-40 


7-56.6-72 


5-87 


504 


4-20 






Weiffht of a Square Foot of Plate Iron in poundt. 


^BP} * A i A * A i 1% * H * 


^S3.!" } 5 ri 10 12i 15 17J 20 22i 26 27* 30 


TTci^A^ of. Square Foot of Sheet Iron in poundt. 


KJig^} 1 2 8 4 6 .6 r 8 9 10 U 
fn^'^.H 12-5 12 .11 10 9 8 7-6 7 6 6-68 5 


SS^S^ug^l 12 13 14 16 16 17 18 19 20 21 22 


TTei^^A^ of a Square Foot of Sheet and Plate Copper in pounds. 


SS?^u«.} 12 13 14 16 16 17 18 19 20 21 22 
.JJ* 'SJg* } ^'^^ *'34 8-60 8-27 2-90 2-52 2-16 1-97 1-78 1*62 1-46 


^Jfd.!'' ; '^'^ ^*^l 1^1^ ll'^l 1'*^ 1**^* 1^'^ 1^**1 1^***^ ^'^ 28-22 


Note.— The weight of plate or sheet inm being 1. The veight of bnas 
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ENGLISH STANDARD MEASURES. 

LINEAL MEASX7RB. 
12inolie8 ss 1 foot. 

8 fMt ss 1 yard. 

1760 yards, or 6280 feet s 1 statute mile. 

7*92 inches s= 1 link. 

100 links, or 22 yards a= 1 chain. 

80 chains = 1 statute mile. 

SQUARE MSASUBE. 
144 square inches ss 1 square foot 

9 square feet - s=s 1 square yard. 

4840 square yards s: 1 acre. , 

62*7264 square inches s=s 1 square link. 

10000 square links = 1 square chain. 

10 square chains ^ 1 acre. 

CUBIC MEASX7RB. 

1728 cubic inches = 1 cubic foot. 

27 cubic feet = 1 cubic yard. 

LIQUID IfEASURB. 

8-665 cubic inches =s 1 gill. 

4 gills ss 1 pint 

2 pints = 1 quart. 

4 quarts, or 277*274 cubic inches = 1 gallon. 

CORN MEASURE. 

2 gallons == 1 peck. 

4 pecks, or 2218*192 cubic inches = 1 bushel. 

8 bushels =s 1 quarter. 

6 quarters , =s 1 load. 

AYOIKDTTPOIS WEIGHT. 

27*84875 troy grains sa 1 drachm. 

16 drachms = 1 ounce. 

16 ounces ^ 1 pound. 

28 pounds ^ 1 quarter. 

4xiuarter8, or 112 pounds ss 1 cwt 

20 owts., or 2240 pounds = 1 ton. 
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Common Chavity of Fresh Water. 

1 cubic inch ^ s&s -03617 pound. 

12 cubic inches ., is -434 ** 

1 cubiefoot as 62-5 pounds. 

1*8 cubic feet ^ 1 cwt. 

86'84 cubic feet sb 1 ton. 

1 cylindrical inch =s '02842 pound. 

12 " inches =s -841 " 

1 " .foot.*. =s 49-1 pounds. 

2*282 " feet = 1 cwt. 

45*64 «• feet » 1 ton. 

1 cubic foot as 6-25 imp. galls. 

1 cylindrical foot -. s= 6 imp. gallons. 

11*2 imperial gallons ass 1 cwt. 

224 «« ' »« s= 1 ton. 

1 cubic foot of sea-water =» 64*2 pounds. 

84-9 cubic feet of do == 1 ton. 



Approximate 


Weights for 


Practical Purposes, 






Weight of a 


Weight of a 




Speciflo gr«yi- 


eubio inch In 


UTlindrieai 




ties. 


pounds. 


Iron, cast . . 


7207 


•2608 J 


•2048 


Iron, bar . . 


7700 


•2786 


•2187 


Steel .... 


7833 


•2833 


•2225 


Copper . . . 


8878 


•3211 


•2522 


Brass, cast . . 


8396 


•30S7 


••2886 


Zinc, common . 


7028 


•2642 


•1996 


Lead .... 


11852 


•4106 


•3226 


Tin, cast . . . 


7291 


•2687 


•2071 



n« 



I 

a 

m 
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Foreign Lineai Meeuuret eompared wUh the Yard EngU»h, 

s -9143 French metres, or one metre s: 1*0987* 
B 1*6958 Hamburg ells, or one ell as *6210 
a 1*4667 Denmark ells, or one ell sae 'SSed 
•S » 1*6400 Swedish ells, or one ell '== *6493 
s 1-3710 Prussian ells, or one ell =s -7298 
ll := 1*2867 Russian arshines, or one arshine ss '7778 
rg •{ =: 1*3621 Turkish pikes, or one pike as -7396 
S SB 1*1736 Austrian ells, or one eU = *8622 
« sas *4327 Neapolitan Cannes, or one canne = 2-3111 
^ as 1*5387 Leghorn braccia, or one braccia = *6492 
s *3657 Genoese cannes, or one canne ss 2*7845 
= 1 -0783 Spanish yaras, or one vara =s *9274 
s *8846 Portuguese varas, or one vara ss 1-1984 

Tahle showing the Course of Exchange between London and vari- 
oua Foreign Places. (From Tate's ** Modem Cambist.") 

LONDON RECEITES FROM OB GIVES TO 

Amsterdam 12 3 florins and stivers for £1 sterling. 

Hamburg 13 12 marks and schillings... 1 ** 

Paris 26 50 francs and oents 1 « 

Frankfort ISOJbatzen 1 «« 

Vienna 10 2 florins and kreuz 1 " 

Genoa 25 35 lire and centisimi 1 ** 

Berlin 6 25 dollars and silver gros. 1 " 

Milan 30 30 lire A. and cent 1 " 

Leghorn 30 50 lire Tosc. and cent 1 << 

Lisbon 63|^ pence sterling for one milreis. 

Madrid 36 j < « one dollar of plate. 

Gibraltar 48{ « one hard dollar. 

Naples 39| *< one ducat. 

IgBrlermo... 119| *' one onza. 

Venice » 47 •< six lire Austriache. 

St. Petersburg.... 88J «« one silver rouble. 

Rio Janeiro 30 « one milreis. 

New York 47} *« one U. S. dollar. 

Calcutta 23 << one Comp. rupee. 

The rates of Rotterdam and Antwerp are similar to those 
of Amsterdam; Trieste, to that of Vienna; and Cadiz, Bilboa, 
Barcelona, and Seville, to that of Madrid. 
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The aboTe list comprises all the plaees with which exchange 
dealings are commonly transacted. But it will be obserred 
that the quotations are of two kinds— one where a yariable 
amount of foreign money is giyen for a certain sum in Eng- 
lish, yiz. £1 ; and the other, where England giyes an uncer- 
tain number of pence for a fixed coin of foreign money. Thus, 
between London and Paris the rate of exchange is the yalue 
which is given for tfie British pound sterling in a variable 
sum in francs and cents. The former sum is therefore the 
fixed price, and the latter the variable or uncertain price. 
Also between London and Lisbon the rate of exchange is the 
value in pence sterling which is given for the milreis, and 
therefore in this rate the sterling money is the variable price. 
When the fixed price is in the money of the country, that 
place is said to receive the variable price. When the uncer- 
tain price is in that money, it is said to give the variable 
price. Thus — 

London receives from Paris 26 francs 60 cents for £1 ster* 
ling. 

London gives Lisbon 63}. pence sterling for one milreia. 
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TetbU giving the Distance of Terrestrial Objects at Sea. 



IJ 




ii 


^•9 


a 


^■2 


h 


^■s 


:- 


sis 


sis 


-ol 


tii 


li 


|'tl 


li 




l^. 


in 


l-. 


m 


S-" 


s| 


l^ 


l^ 


5| 


S^ 


S| 


1 


1-32 


20 


6-92 


89 


8-26 


90 


12-66 


2 


1-87 


21 


606 


40 


8-37 


96 


12-89 ■ 


8 


2-29 


22 


6-21 


41 


8-47 


100 


18-28 


4 


2-65 


28 


6-34 


42 


8-67 


106 


18*66 


5 


2-96 


24 


6-48 


43 


8-68 


110 


18-88 


6 


8-24 
8-^ 


26 


6-61 


44 


8-76 


116 


1419 


7 


26 


6-76 


45 


8-87 


120 


14-49 


8 


3-74 


27 


6-^7 


46 


8-97 


126 


14-79 


9 


8-97 


28 


7-00 


47 


907 


180 


16-08 


10 


4-18 


29 


7-12 


48 


917 


136 


16-37 


11 


4-89 


80 


7-26 


49 


9-26 


140 


16-66 


'12 


4-68 


31 


7-37 


60 


9-36 


146 


16-93 


13 


4-77 


82 


7-48 


66 


9-81 


160 


16-20 


14 


4-96 


88 


7-60 


60 


10-26 


160 


16-73 


16 


612 


84 


7-71 


66 


10-67 


170 


17-25 


16 


6-29 


86 


7-88 


70 


11-07 


180 


17-76 


17 


6-46 


86 


7-94 


76 


11-46 


190 


18-24 


18 


6-61 


87 


806 


80 


11-83 


.200 


18-71 


19 


5-77 


88 


8-16 


86 


12-20 







NoTE.-^It is asoertained that souxid in a temperature of 
62*^ Fahrenheit trayels at the rate of 1126 feet per second^ 
and a diminution of temperature equal to 1° Fahrenheit causes 
an increased velocity of sound equal to 1*14 feet; henc«, 
suppose the flash of a gun from a ship is seen 88 seconds 
before the report is heard, the distance will be 1126 x 88 ass 
87,126 feet, or, 12,876 yards between the gun and where the 
report is heard. 
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7b eompare Degrtet of Temperature mdieated by different Ther^ 
momeiere. 

RuLi 1. — Multiply degrees of Centigrade by 9 and diyide 
by 5; or multiply degrees of Reaamor by 9 and divide by 4. 
Add 82 to the qnotient in either case, and the sum is degrees 
of Fahrenheit. 

Bulb 2. — From degrees of Fahrenheit subtract 82, multi* 
ply the remainder by 5, and divide by 9 for degrees of Cen* 
tigrade; or multiply by 4 and xlivide by 9 for degrees of 
Beaumur. 



Tablet deduced from Uzperimente on Iron and Copper Platee for 
Steam Boilere, by the FrankUn Intiitute, Philadelphia^ 

Iron boiler plate was found to increase in tenacity as its 
temperature was raised, until it reached a temperature of 
550^ above the freezing point, at which point its tenacity 
began to diminish. The foUovring table exhibits the cohesive 
strength at different temperatures: — 

At Z2P to 80<> the tenacity was s= 56,000 lbs. , or one-seventh 

below its maximum. 

At bl^ « « B 66,600 lbs., the maximum. 

At 72XP « <* Sis 66,000 lbs., the same near- 

ly as at 820. 

Atl050<> « <« 8 82,000 lbs., nearly one- 

half of the maximum. 

At 1240® «« " ss 22,000 lbs., nearly one- 

third of the maximum. 

Atl817<> <' «< n 9,000 lbs., nearly one- 

seventh of the maximum. 

At 3000<» iron becomes fluid. * . 

NoTS. — The accidental overheating of a boiler was found 
to reduce its strength ftrom 66,000 pounds to 46,000 per 
square inch. « 
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Table Mhovmg the DimmiUion of Strength of Copper Boiler PlaUe 
by additiofu to the temperature, the coheeion at 82^ bemjf 82,800 
pounde per equate inch. 





Temperatvn 


Diminution 




Temperature 


Dtminution 


No. 


aboTe SSO. 


of strength. 


No. 


abore S20. 


of strength. 


1 


90<» 


00176 


9 


660» 


0-3425 


2 


180 


00540 


10 


769 


0-4398 


8 


270 


00926 


11 


812 


0-4944 


4 


860 


01618 


12 


880 


0-5681 


6 


460 


0-2046 


18 


984 


0-6691 


6 


460 


0-2183 


14 


1000 


0-6741 


7 


618 


0-2446r 


16 


1200 


0-8861 


8 


629 


0-2668 


16 


1800 


1-0000 



7^1520 of ExperimejiUe on Iron Boiler Plate at high temperatures, 
the mean maximum tenacity being at 660° ==(3^,000 pounde per 
square inch. 



Temperature 


Diminution of 


Temperature 


Diminution of 


obseryed. 


tenacity obeerred. 


observed. 


tenacity obeerTed. 


660« 


0-0000 


8240 


0-2010 


670 


0-0869 


982 


0-3324 


596 


0-0899 


947 


0-8693 


600 


00964 


1030 


0-4478 


680 


01047 


1111 


0-6614 


652 


0-1156 


1156 


0-6000 


722 


0-1436 


1169 


0-6011 


732 


01491 


1187 


0-6362 


784 


0-1586 


1237 


0-6622 


766 


01689 


1246 


. 0-6716 


770 


01627 


1317 


0-7001 
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O* Any of the following Books will be sent by mail, free 
of postage, at the publication price. Catalogues furnished 
on application. 

American Miller and Millwright's Assistant: 

A new and thoroughly revised Edition, with additional 
Engravings. By William Cabtbr Hdohbs. In one vol- 
nme, 12 mo., .' $1.25 

Armengaud, Amoroux, and Johnson. 

THE PRACTICAL DRAUGHTSMAN'S BOOK OF INDUS- 
TRIAL DESIGN, and Machinist's and Engineer's Drawing 
Companion ; forming a complete course of Mechanical 
Engineering and Architectural Drawing. From the French 
of M. Armengaud the elder, Prof, of Design in the Con- 
servatoire of Arts and Industry, Paris, and MM. Armen- 
gaud the younger, and Amouroux, Civil Engineers. Re- 
written and arranged, with additional matter and plates, 
. selections from and examples of the most useful and 
generally employed mechanism of the day. By William 
Johnson, Assoc. Inst. C. E., Editor of **The Practical 
Mechanic's Journal.*' Illustrated by fifty folio steel 
plates and fifty wood-cuts. A new edition, 4to.,....$9.00 

Among the contentg are :— Linear Drawing ^ D^nitions and Problemt^ 
Hate I. Applications, Designs for inlaid Pavements, Ceilings and 
Balconies, Plate II. Sweeps, Sections and Mouldings, Plate III. £le 
mentary Gothic Forms and Rosettes Fi*te IV. Ovals, ElllraeSi 
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PArHbMMS and Volutes, Plate V. Rules and Practical Data. Shtdyq* 
PrtHeaioPij Elementary Principles, Plate VI. Of Pi isms and other 
Solids, Plate VII. Rules and Practical Data. On Coloring Sections, wifft 
Anpt c<<an«->Conventional Colors, Composition or Mixture of Colors, 
Plate X. ConHnuaiion of the Study of Projectiont—Vae of sections—de* 
tails of machinery, Plate XL Simple applications — spindlesj'shafts, 
eouplings, wooden patterns, Plate XII. Method of oonstructinj^ a 
wooden model or pattern of a ooupling. Elementary applications— 
rails and chairs for railways, Plate XIIl. Rules and Practical Data-^ 
Strength of material. Resistance to compression or crushing force, 
Tenslonal Resistance, Resistance to flexure, Resistance to torsion, 
Friction of surfaces in contact. 

The Intersection and Development of Suhfaces, with Af^ 
PLICATIONS— TA« Intersection of Cylinders and Cones, Plate XIV. The 
Delineation and Devdopment of Uaices, Screu>s and Serpentines, Plate 

XV. Application of the helix— the construction of a staircase, Plate 

XVI. The Intersection of surfaces— applications to stop-cocks, Plate 

XV II. Rules and Practical Doio— Steam, unity of heat. Heating surface, 
Calculation of the dimensions of boilers, Dimensions of firegrates, 
Chimneys, Safety-vnlves. 

The Study and Construction of Toothed Gear.— Involute, cy- 
eloid, and epicycloid. Plates XVIII. and XIX. Involute, Fig. 1, Plat« • 

XVIII. Cycloid, Fig. 2, Plate XVIII. External epicycloid, described 
by a circle rolling about a fixed circle inside it, Fig. 3. Plate XIX. 
Internal epicj'clold, Fig. 2, Plate .XIX. Delineation or a rack and 
pinion in gear. Fig. 4, Plate XVIII. Gearing of a worm with a worm- 
wheel. Figs. 6 and 6. Plate XVIII. Cylindrical or Sjmr Gearing, PJate 

XIX. Practical delineation of a couple of Spur-wheels, Plate XX. 
Th£ Delineation and Construction of Wooden Patterns for Toothed Wheels. 
Plate XXI. Rules and Practical 2>a/<»— Toothed gearing. Angular ana 
circumferential velocity of wheels. Dimensions of gearing. Thickness 
of the teeth. Pitch of tne teeth. Dimensions of the web. Number and 
dimensions of the arms, wooden patterns. 

Continuation of the Stvdv of Toothed Gear.— Design for a 
pair of bevel-wheels in gear, Plate XXII. Construction of wooden 
patterns for a pair of bevel- wheels, Plate XXIII. Involute and 
Helical Teeth, Plate XXIV. Contrivances for obtaining Differential 
Movements— The delineation of eccentrics and cams, Plate XX v. Rules 
and Practical DatOr Mechanical work of effect. The simple machines, 
Centre of gravity. On estimating the power of prime movers. Calcu- 
lation for the brake. The fall of bodies. Momentum, Central forces. 

Elemem'ary Principles of Shadows.— S^a^tou;* of Prisms, Pyra- 
mids and Cylinders, Plate XXVI. Principles of Shading, Plate XXVII. 
Continuation of the Study of Shadows, Plate XXVIII. Tuscan Orde^, 
Plate XXIX. Rules and Practical Do/o— Pumps, Hydrostatic principles. 
Forcing pumps. Lifting and forcing pumps. The Hydrostatic picss^ 
Hydrostatical calculations and data— discnarge of water through dif^ 
ferent orifices. Gaffing of a watercourse of uniform section and fall, 
Velocity of the bottom of water-courses, Calculation of the discharge 
of water through reotatmilar orifices of narrow edges. Calculation of 
the discharge of water through overshot outlets, To determine the 
width of an overshot outlet. To determine the depth of the outlet, 
Outlet with a spout or duct. 

Application of Shadows to Toothed Gear, Plate XXX. Ap^- 
plication of Shadows to Screu>s, Plate XXXI. Application of Shadows to 
a boHer and its furnace, Plate XXXII. Shading in BlachShading in 
Colttrs, Plate XXXIII. 

The Cutting and Shaping of Masonry, Plate XXXIV. Rule9 
and PrncticaJL i)rt/a— Hydraulic motors, Undershot water wheels, with 
plane floats and a circular channel, Width, Dl« meter.. Velocity, Num- 
ber aud capacity of the buckets, Useful effect of the water v.hetrl, 
Overshot water wheels. Water wheels with radial floats, Water wheel 
with curved buckets, Turbines. Remarks on Machine Tools, 
2 
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The Study or Machinery and Sketching.— Various appHoatlou 
and combinations: Tht Slutehing of Machinery ^ Plates XXXV. and 
XXXVI. DrUling Machine; Motive Machines; Water wheels, Con- 
struction and setting up of water wheels, Delineation of water wheels, 
Design for a water wheel, Sketch of a water wheel ; Overshot Water 
WtieOs. Water PvmpSf Plate XXXVII. Bteam Motttrs; High-pressur* 
expansive steam engine, Plates XXXVIII., XXXIX. and XL. Details 
of Ooiistruction ; Movements <{f the Pistribntion and Expansion Valves ; 
Rulss and Practical Data — Steam engines : Low-pressure condensing 
engines without expansion valve, Diameter of piston. Velocities. 
Steam pipes and passages. Air-pump and condenser. Cold-water and 
feed-pumps. High-pressure expansive engines. Medium pressure con- 
densing ana expansive tteam engine, Conical pendulum or centrifugal 
governor. 

Oblique Pbojections. — Application of rules to the delineation of 
an oscillating cylinder, Plate XLI. 

Parallel Perspective.— Principles and applications, Plate XLIL 

True Perspective.— Elementary principles, Plate XLIII. Appli- 
eatioAs— flour mill driven by belts. Plates aLIV. and XLV. Descrip- 
tion of the mill, Representation of the mill in perspective. Notes of 
recent improvements in flour mills, Sehiele's mill, Muilin's " ring mill- 
stone," Barnett's Ihillstone, Hastie's arrangement for driving mills, 
Curriers improvements in millstones ; Rules and Prarticnl Da^n— Work 
performed by various machines. Flour mills. Saw mills, Veneer>sawing 
machines. Circular saws. 

Examples op Finished Drawings op Machinery.— Plate A, 
Balance water-meter; Plate B, Engineer's shaping machine; Plate 
C D E, Express locomotive engine ; Plate F., Wood planing machine { 
Plate G, Washing machine for piece goods ; Plate H, power loom ; 
Plate I, Duplex steam boiler ; Plate J, Direct-acting marine engines. 

Drawing Instruments. 

Barnard (Henry). National Education in En* 



rope: 






Being an Aoconnt of the Organization, Administration,, 
Instruction, and Statistics of Public Schools of differ- 
ent grades in the principal States. 890 pages,. 8vo., 
cloth, «. $8.00 

Barnard (Henry). School Architecture, 

New Edition, 300 cuts, cloth, 82.00 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By E. W. Beans, C. E. 12mo. C^^ press.) 

Bishop. A History of American Manufactures, 

From 1608 to 1860; exhibiting the Origin and Growth 
of the Principal Mechanic Arts and Manufactures, from 
the Earliest Colonial Period to the Present Time ; with a 

3 
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Notice of the Important Inventions, Tariffs, and the Re- 
sults of each Decennial Census. By J. Leander Bishop, 
M. D, : to which is added Notes on the Principal Manu- 
facturing Centres and Remarkable Manufactories. By 
Edward Young and Edwin T. Freedley. In two vols., 
8to. Vol. 1 now ready. Price, $3.00 

BookbindiDg s A. Manual of the Art of Book 



binding, 



5) 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. By James B. Nicholson. 
Illustrated. 12mo., cloth, $2. CO 

GOITTSNTB. — Sketch of the Progress of Bookbinding, Sheet- 
work, Forwarding the Edges, Marbling, Gilding the Edges, Covering, 
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art, 
Finishing, Taste and Design, Styles, Gilding, Illuminated Binding, 



Old Books, SupplTing imperfections in Old Books, Hints to Book Col- 
le«tors, Technical Lessons. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical: 

Embracing its application to the Arts, Metallurgy, Mine- 
ralogy, Geology, Medicine, and Pharmacy, By Jambs C. 
Booth, Melter and Refiner in the United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Campbell MobFiT, author of ''Chemical 
Manipulations," etc. 7th Edition. Complete in one 
Yolume, royal octavo, 978 pages, with numerous Wood 
cuts and other illustrations, : $6.00 

From the very large number of articles in this volume, it is entirely 
Impossible to give a list of the Contents, but attention may be called 
to some among the more elaborate, such as Affinity, Alcoholometry, 
Ammonium, Analysis, Antimony, Arsenic, Blowpipes. Cyanogen, Dis- 
tillation, Electricity, Ethyl, Fermentation, Iron, Lead and Water. 

Brewers (The Complete Practical.) 

Or .Plain, Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lafayette Byrn, 

M. D. With Illustrations. 12mo $1.25 

**Manv an old brewer will find in this book valuable hints and suff- 
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gettions worthy of considerAtion, and the norioe can ptmt hinuelf up 
u* Ms trade in all its parts." — Artisan. 

Builder's Pocket Companioa: 

Containing the Elements of Building, Sarveying, 'and 
Architecture ; with Practical Rules and Instructions con- 
nected with the subject. By A. C. Sheaton, Civil Engi- 
neer, etc. In one yolume, 12mo., $1.25 

OONTEWTS.— The Builder, Carpenter, Joiner, Mason, Plasterer, 
Plumber, Painter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies, Architect. , 

"It gives, in a small space, the most thorough directions to the 
builder, from -the laying of a brick, or the felling of a tree, up to the 
most elaborate production of ornamental architecture. It is scientiflc, 
without being obscure and unintelligible ; and every house-carpenter, 
master, journeyman, or apprentice, should have a copy at hand 
h\w&YB,"— Evening Bulletin. 

Byrne. The Handbook for the Artisan, Me* 
chanic, and £Dgineer, * 

Containing Instructions in Grinding and Sharpening of 
Cutting Tools, Figuration of Materials by Abrasion, Lapi- 
dary Work, Gem and Glass Engraving, V/irnishing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 185 cuts. 
8vo., cloth, $5.00 

CONTEIQ'TS.— Grinding Cutting Tools on the Ordinary Grind- 
stone ; Sharpening Cutting Tools on the Oilstone ; Setting Razors ; 
Sharpening Cutting Tools with Artificial Grinders ; Production of Plane 
Surface? by Abrasion : Production of Cylindrical Surfaces by Abra^ 
slon; Production of Conical Surfaces by Abrasion: Production of 
Spherical Surfaces by Abrasion: Glass Cutting; Lapidary Work; 
Setting, Cutting, and Polishing Flat and Rounded Works ; Cutting 
Faucets ; Lapidary Apparatus for Amateurs ; Gem and Glass Engrav- 
ing; Seal and Gem Engraving; Cameo Cutting; Glass Engraving, 
Vaniishing. and Lackering; General Remarks upon Abrasive Pro- 
cesses ; Dictionary of Apparatus ; Materials and Processes foi; Grinding 
and t*oli8hing commonly employed in the Mechanical and Useful Arts. 

Byrne. The Practical Meial- worker's Assist- 
ant, 

For ' Tin-plate Workers, Braziers, Coppersmiths, Zino- 
plate Ornrmenters and Workers, Wire Workers, White- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Gold Smiths, Electrotypers, and all other Workers in 
Alloys and Metals. Edited by Oliveb Byrne. Complete 
in one volume, octavo, ;.*i9.00 

It treats of Casting, Founding, and Forging; of Tongs and other 
Tools s D<%gree8 of Heat and Management of Fires; welding of 



FBAOTICAI. AITD BCrBITTIFIO BOOKS,' 

Heading and Swage Tools ; of Punches and Anvils ; of Hardening aM 
Tempering ;- of Malleable Iron Castings, Case Hardening, WrougLt 
and Cast Iron; the Management and Manipulation of Metals and 
Alloys, Melting and Mixing ; the Management of Furnaces, Casting 
and Founding with Metallic Moulds, Joining and Working Sheet Metal ; 
PeculUHties of the^ifferent Tools employed ; Processes dependent on 
the ductility of Metals ; Wire Drawing, Drawing Metal Tubes, Solder- 
ing ; The use of the Blowpipe, and every other known Metal Worker's 
Tool.. 

Bvrne. The Praclieal Model Calcolator, 

ifor the Engineer, Machiuist, Manufacturer of Bnglne 
Work, Naval Architect, Miner, and Millwright. B7 
Olivbb Btbnb, Compiler and Editor of the I)ictionar7 of 
Machines, Mechanics, Engine Work and Engineering, and 
Author of various Mathematical and Mechanical Works. 
Illustrated by numerous engravings. Complete in one 
large volume, octavo, of nearly six hundred pages,. .$4.50 

The principal objects of this work are : to establish mo«lel calcula- 
tions to guide practical men and students $ to illustrate every practical 
rule and principle by numerical calculations, systematically arranged ; 
to give information and data indispensable to those for whom it is in- 
tended, thus surpassing in value any other book of its character ; to 
economize the labor of the practical man, and to render his every<<lay 
calculations easy and comprehensive. It will be found to be one of 
the most complete and valuable practical books ever published. 

Cabinetmaker's and Upholsterer's Companion, 

Comprising the Rudiments and Principles of Cabinet- 
making and Upholstery, with Familiar Instructions, il- 
lustrated by Examples for attaining a proficiency in the 
Art of Drawing, as applicable to Cabinet Work; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ; to make French Polish ; to prepare the best Olues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokes. 
In one volume, 12mo. With Illustrations, $1.00 

" A large amount of practical information, of great service to all 
ooncerned in those branches of business."— OAio State Jwnmal. 

Campion. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging Tools, 
Workshop Machinery, Mechanical MaUipulation, Manu- 
facture of Steam Engine, etc., etc. Illustrated with 28 
plates of Boilers, Steam Engines, Workshop Maohinery 
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etc*, and 91 Wood Sngrayings ; with an Appendix on the 
Analysis of Iron and Iron Ores. By Francis Camp-on, 
C. E., President of the Civil and Mechanical BngineiAi-s' 
Society, etc $7.00 

Celnart. The Perfumer. 

From the French of Madame Celnart ; with additions by 
Professor H. Dassaace. 8vo. {In press.) 

Colburo. The Locomotive EDgice ; 

Including a Description of its Structure, Rules for Esti- 
mating its Capabilities, and Practical Observations on its 
Construction and Management. By Zerah Colbukv. Il- 
lustrated. A new edition. 12mo,....« ......$1.00 

*' It is the most practical and generally useful work on the Steam 
Engine that we haver seen. "^fiMrton TravUer." 

Dagnerreotypist and Pholographer's Companion. 

12mo., cloth 91.00!, 

Distiller (The Complete Practical). 

By M. Lafatbttb Btrn, M.D. With Illustrations. 12mo. 

11.25 

" So simplified, that It la adapted not only to the use of extensive 
Distillers, but for every farmer, or others who may want to engage in 
Distilling."— banner (/^Ae Union. 

Dflssauce. Practical Treatise 

Ov THB Fabbioation OF Matchbs, Gun Cottov, AKD FaLMI- 
HATiKo Powders. By Prof. H. Dussauce. 12mo.,....$3.00 

CONTIEOSTTB.— Phosphorus. —m^Tj of Phosphorus; Physical 
Properties ; Chemical Properties ; Natural State : Preparation ot 
White Phosphorus ; Amorphous Phosphorus, and Benoxide of Lead. 
J/tf/c/M#.— Preparation of Wooden Matches ; Matches inflammable by 
rubMng, without noise : Common lAcifer Matches: Matches without 
Phosphorus; Candle Matches; Matches with Amorphous Phospho- 
rus ; Matches and Rubbers without Phosphorus. Gun CM^>n.— Proper- 
ties : Preparation J Paper Powder ; use of Cotton and Paper Powders 
for Fulminating Primers, etc.; Preparation of Fulminating Primers, 
etc., etc. 

Dnssauce. Chjemicai Receipt Book: 

A General Formulary for the Fabrication of Leading 
Chemicals, and their Application to the Arts, Mai^nfac- 
tures, Metallurgy, and Agriou'ture. By Prof. H. Ous- 
tauoe. {In prtss.) 
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DYEING, OAUOO PEDrrDTG, OOLOES, OOTTOH SPIN. 
HIHG, AND WOOLiar MANTTrAOTUEE. 

Baird. The American Cotton Spinner, and 
Manager's and Carder's Guide: 

A Practical Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Draught and Twist 
Calculations, etc.; with Notices of recent Improvements : 
together with Rules and Examples for making; changes 
in the sizes and numbers of Moving and Yarn. Com- 
piled from the papers of the late- Robert H. Baird. 
12mo 11.25 

Caproii De Dole. Dnssance. Blues and Car- 
mines of Indigo: 

A Practical Treatise on the Fabrication of every Commer 
oial Product derived from Indigo. By Pelioien Capron 
^ de Dole. Translated, with important additions, hy Pro- 
fessor H. Dussaucfi. 12mo $2.50 

Chemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.00 

CONTENTS.— <?«n«raZ Properties of Matter.—Uetet, Light, Ele- 
ments of Matter, Chemical Afflnity. I/on- Metallic Substances. — Oxygen, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, Iodine, 
Bromine, Fluorine, Silicum, Boron. Carbon. Mdxdlic Substances, — 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium. Strontium, Calcium, Magnesium, Alminum, Manganese, Iron, 
Cobalt, Nickel, Zinc, Cadmium, Copi)er, Lead, Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or Wolfram, Molybdenum, Tella^ 
rium, Arsenic, Antimony. Uranium, Cerium, Mercury. Silver, Gold, 
Platinum, Palladium, Iridium, Osmium, Rhodium, Lantnanlum. Mm'^ 
ciaTt^f.— Red Spirits, Barwood Spirits, Flumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetate of Copper. Vegdable Matters used in Dyeing. — 
Galls, Sumach, Catechu, Indigo, Logwood. Brazil-woods, Sandal-wood, 
Barwood, Camwood, Fustic, Young Fustic. Bark or Quercitron, Fla* 
vine, Weld or Wold, Turmeric, Persian Berries, Satnower, Madder, 
Munjeet, Annota, Alkanet Root, Archil. Proposed New Vegetable 
Dyes. — Sooranjee, Carajuru, Wongshy, Aloes, Pittacal, Barbary Root. 
dnimal Matters used in Dyeing.— Coohinea.!; Lake or Lac, Kerms. 

This will be found one of the most valuable books on the sutgect of 
dyeing, ever published in this country. 

Diissaace. Treatise on the Coloring Matters 
Derived from Coal Tar; 

Tbeir Fraotioal AppUoation in Dyeing Cotton, Wool, and 
8 
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Silk ; the Principles of the Art of Djeing and of the Dis- 
tillation of Coal Tar ; with a Description of the most Im- 
portant New Djes now in use. Bj Professor H. Dus- 
saace, Chemist. 12mo $2.50 

OONTENTS.— HlBtorioal Notice of the Art of Dyeing— caiemical 
Principles of the Art of Dyeing— Preliminary Preparation of Stuffb— 
Mordants — Dyeing — On the CToTorinff Matters produced by Coal Tai— 
Distillation of Coal Tar— History of Aniline— Properties of Aniline- 
Preparation of Aniline directly from Coal Tar— Artificial Preparation 
of Aniline — Preparation of Benzole — Properties of Benzole — Prepara- 
tion of Nitro-Benzole— Transformation of Nitro-Benzole into Aniline, 
by means of Sulphide of Ammonium ; by Nascent Hydrogen ; by Ace- 
tate of Iron ; and by Arsenite of Potash— Properties of the Bi-Nitro- 
Benzole— Aniline Purple— Violine — Roseine — Emeraldine — Bleu de 
Paris— Futschine, or Magenta— Coloring Matters obtained by other 
bases from Coal Tar — Nitroso-Phenyline— Di Nitro-Aniline — Nitro- 
Phenyline— Picric Acid— Rosolic Acid— Quinollne— Napthaline Colors 
— Chloroxynaphthalio and Perchloroxynapthalio Acids— Carminaph- 
tha— NlnaphthaV " .. .. ^ ... 



halamine— NitroBonaphthaline— Naphthamein — Tar Red 



— Azuline — Application of Coal Tar Colors to the Art of Dyeing and 
Calico Printing— Action of Light on Coloring Matters from Coal Tar 
—Latest Improvements in the Art of Dyeing— Chrysammic Acid— Mo- 
lybdic and Picric Acids— Extract of Madder— Theory of the Fixation 
of Coloring Matters in Dyeing and Printing — Principles of the Action 
of the most important Mordants— Aluminous Mordants— Ferruginous 
Mordants— Stanniferous Mordants — Artificial Aliza|-in— Metallic Hy- 
posulphites as Mordants— Dyer's Soap — Preparation of Indigo for Dye* 
ing and Printing— Relative value of Indigo— Chinese Green Murexide. 

Dyer and Color>maker's Gompanion : 

Containing upwards of two hundred Receipts for making 
Colors, on the most approved principles, for all the 
various styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing the Goods. Second edition. 
In one volume, 12mo $1.00 



French Dyer, (The) : 



Comprising the Art of Dyeing In Woolen, Silk, Cotton, 
etc., etc. By M. M. RifiTault, Vernaud, De Fonteuelle, 
Thillaye,- and Mallepey re. (7n press. ) 

Love. The Art of Dyeing, Cleaning, Scouring, 
and Finishing, 

Ok thb Most Approvbd English and French Methods ; 
being Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc.. Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 

Dyer and Scourer. In one volume, 12mo $3.00 

9 
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O'Neill. Chemistry of Calico PrintiDg, Dye« 
ing, and Bleaching ; 

Inoluding Silken, Woolen, and Mixed Goods ; Praotioal 
and Theoretical. B/ Charles O'Neill. (In press,) 

O'Neill, A Dictionary of Calico Printing and 
Dyeing. 

By Charles O'Neill. (In press,) 

Scott. The Practical Cotton-spinner and Man* 
ufacturer ; 

Or, Ths Manaobb and OTEkLOOKBR's Companion. This 
work contains a Comprehensive System of Calcnlations 
for Mill Gearing and Machinery, from the first Moving 
Power, through the different processes of Carding, Draw- 
ing, Slabbing, Roving, Spinning, and Weaving, adapted 
'^ to American Machinery, Practice and Usages. Compen- 
dious Tables of Yarns and Reeds are added. Illustrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, oc- 
tavo $6.00 

This editioA of Scott's Cotton-Spinner, by Oliver Byrne, is desii^ned 
for the American Operative. It will be found intensely practical, and 
will be of the greatest possible value to the Manager, Overseer, and 
Workman. 

Sellers. The ColoT-mlxer. 

By John Sellers, an Experienced Practical Workman. 
To which is added a Catbcbism op Chsmistbt. In one 
volume, 12mo. (In press,) 

Smith. The Dyer's Inslructor; 

Comprising Practical Instructions in the Art of Dyeing 
Silk, Cotton, Wool* and Worsted, and Woolen Goods, as 
Single and Two-colored Damasks, Moreens, Camlets, 
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woojens, 
Yarns, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and HaDdkerchiefs, 
and the various Mordants and Colors for the different 
10 



PTJBLIBHED BY HIJNKY IBBY BAIBD>. 



Btjrles of saoli work. Bj David Smith, Pattern Dyer. 
A new edition, in one yolnme, 12mo $3.00 

CONTENTS.— Wool Dyeing, 60 receipts— Ck)ttoa Dyeing, 68 re- 
seipts— Silk Dyeing, 60 receipts — Woolen Yarn Dyeing, 60 receipts- 
Worsted Yarn Dyeing, 61 receipts— Woolen Dyeing, 62 recelpts^Da- 
mask Dyeing, 40 receipts — Moreen I^eing, 38 receipts — Two-Colored 
Damask Dyeing, 21 receipts — Camlet Dyeing, 23 receipts— Lasting Dye- 
ing, 23 receipts— Shot Cobourg Dyeing, 18 receipts- Silk Striped Oi^ 
leans, from Black, White, and Colored Warps, 23 receipts — Colored 
Orleans, from Black Warps, 16 receipts — Colored Orleans and Co- 
bourgs, from White Warps, 27 receipts— Colored Merinos, 41 receipts 
—Woolen Shawl Dyeing, 16 receipts— Padding, 42 receipts— Silk Warp, 
Skein, and Handkerchief Printing, 62 receipts— Nature and Use of Dye- 
wares, including Alum, Annotta, Archil, Ammonia, Argol, Super 
ArgoL Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pot- 
ash, Cudbear, Chemic, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Young Fustic, G|ills, Indigo, Kermes or Lac Dye, 
Logwood, Madder, Nitric Acid or Aqua Fortis, Nitrates, Oxalic Tin, 
Peachwood, Prussiate of Potash, Quercitron Bark, Samower, Saun- 
ders or Red Sandal, Sapan Wood, Sumach, Turmeric, Examination of 
Water by Tests, etc., etc 

Toustain. A Practical Treatise on the Woolen 
Manufacture. 

From the French of M. Toustain. (/n prea,') 

Dlrich. Dussaflce. A Complete Treatise 

On the Abt of Dtbing CJorroif and Wool, as practisbd in 
pABrs, RouBN, MiTLHOUSE AND GERMANY. From the French 
of M. Louis Ulrich, a Practical Dyer in the principal 
Manufactories of Paris, Rouen, Mulhouse, etc., etc. ; to 
which are added the most important Receipts for Dyeing 
Wool, as practised in the Manufacture Imperiale des 
Gobelins, Paris. By Professor H. Dussauce. 12mo..$3.00 

OONTENTS.- 

Rouen Dyes, 106 Receipts. ; 

Alsace <' 286 " 

German " 109 *« 

Mulhouse " T2 " 

Parisian *< 66 *< 

Gobelins " 100 « 
In all nearly 700 Receipts. 



Easton. A Practical Treatise on Street or 
Horse-power Railways; 

Their Location, Construction and Management ; with 
general Plans and Rules for their Organization and Ope- 
ration ; together with Examiuationa as to their Compara- 

11 
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# 

tire AdTsntages over the Omnibus Sjstem, and Inqnirie* 
as to their Valne for Investment ; including Copies of 
Municipal Ordinances relating thereto. Bj Alexander 
Easton, C. £. Illustrated bj twentj-three plates, 8vo., 
cloth $2.00 

Examinations of Drugs, Medicines, Gliemicais, 
etc., 

As to their Purity and Adulterations. By C. H. Peirce, 
M. D. 12mo., cloth $2.00 

Fisher's Photogenic Manipolation. 

16mo., cloth ^2 

Gas and Ventilation; 

A Practical Treatise on Gas and Ventilation. By £. £. 
Perkins. 12mo., cloth 75 

Gilbart. A Practical Treatise on Banking. 

By James William Gilbart, F. R. S. A' new enlarged and 
improved edition. Edited by J. Smith Homans, editor 
of ** Banker's Magazine.'? To which is added ** Money," 
by H. C. Carey. 8vo $3.50 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me- 
chanics and Civil Engineers. 8vo., plates, cloth...$2.0O 

Bardwich. A Manual of Photographic Chem- 
istry ; 

Including the practice of the Collodion Proces9< By J. 
F. Hardwich. {In press.) , 

Hay. The Interior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
Decorations ; with a Practical Treatise on House Paint- 
ing. By D. R. Hay, House Painter and Decorator. Il- 
lustrated by a Diagram of the Primary, Secondary and 
Tertiary Colors. 12mo.* {In press.) 
12 
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Inventor's Guide — Patent Office and Patent 
Laws ; 

Or, a Guide to Invetitors, asd a Book of Reference for 
Judges, Lawjers, lilagistri/eSi and others. Bj J. G. 
Moore. 12mo., cloth $1.00 

Jervis. Railway Property. A Treatise 

Oir THB CoirsTBUCTioN AND Manaobment OF RAILWAYS ; de- 
signed to afford useful knowledge, in the popular style, 
to the holders of this class of property ; as well as Rail- 
way Managers, Officers and Agents. By John B. Jervis, 
late Chief Engineer of the Hudson River Railroad, Cro- 
. ton Aqueduct, etc. One volume, 12mo., cloth $2.00 

CONTEN'TS. — Preface — Introduction. Canttructum. — Introduc- 
tory—Land anckiLand Damages— Location of Llne^Method of Business 
— Grading— Bridges and Culverts— Road Crossings— Ballasting Track- 
Cross Sleepers— Chairs and Spikes— Rails— Station Buildings— Loco- 
motives, Coaches and Cars. QperoMnsr.-Introductory— Freight— Pas- 
sengers-Engine Drivers— Repairs to Track— Repairs of Machinery— 
Civil Engineer— Superintendent— Supplies of Material— Receipts— Dis- 
bursements — Statistics — Running Trains — Competition — Financial 
Management — General Remarks. 

Johnson. The Coal Trade of British America ; 

With Researches on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
Civil and Mining Engineer and Chemist. 8vo $2.00 

This volume contains the results of the experiments made for the 
^avy Department, upon which their Coal contracts are now based. 

Johnston. Instructions for the Analysis of 
Soils, Limestones and Manures. 

By J. F. W. Johnston. 12mo /. 38 

Larkin. The Practical Brass and Iron Found* 
er's Guide; 

A Concise Treatise on the Art of Brass Founding^ Mouhl- 
ing, etc. By Jam«s Lai^in. 12mo., cloth ...$1.25 

Leslie's (Miss) Complete Cookery; 

Directions for Clookery in its Various Branches. By Mi6S 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one volume, 12mo., half 

bound, or in sheep ;.. $1.25 

13 
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Leslie's (Miss) Ladies' House Book; 

A Manual of Domestic Economy. 20th reyised edition. 
12mo., sheep $1.25 

Leslie's (Miss) Two Hundred Receipts in 
Frencli Cookery. 

Cloth, 12mo 25 

Lleber. Assayer's Guide; 

Or, Practical Directions to Assajers, Miners and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, 
of the Ores of all the principal Metals, and of Gold and 
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo-' 
gist to the State of Mississippi. 12mo. With illustra- 
tions i $1.00 

" Among the indlBpensable works for this purpose, is this little 
g}jiide."-^Artizan, 

Lowig. Principles of Organic and Fliysioiogi' 
eal Chemistry. 

By Dr. Carl Lowig, Doctor of Medicine and Philosophy ; 
Ordinary Professor of Chemistry in the University of 
Ziirich ; Author of *' Chemie des Organischeii Verbindun 
gen." Translated by Daniel Breed, M. D., of the U. S. 
Patent Office ; late of the Laboratory of Liebig and Low^g. 
Svo., sheep $3.50 

Marble Worker's Manual; 

Containing Practical Information respecting Marbles in 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc., etc. 12mo., cloth $1.25 

Miles. A Plain Trealise on Horse-shoeing. 

With Illustrations. By William Miles, Author of "The 
^ Horse *s Foot.' » $1.00 

Morfit. Tlie Arts of Tanning, Currying and 
Leatlier Dressing. 

Theoretically and Practically Considered in all their De- 
tails ; being a Full and Comprehensive Treatise on the 
14 
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Manufacture of the Various Kinds of Leather. Illns* 
trated by over two hundred Engravings. Edited from the 
French of De Fontenelle and Malapejere. With nu- 
merous Emendations and Additions, hy Campbell Morfit, 
Practical and Analytical Chemist. Complete in one vol- 
ume, octavo J, $10.00 

This important Treatise will be found to cover the whole field in 
the most masterly manner, and it is believed that in no other branch 
of applied science could more signarl service be rendered to American 
Manufactures. 

The publisher is not aware that in any other work heretofore issued 
in this country, more space has been devoted to this subject than a 
single chapter ; and in offering this volume to so large and intelligent 
a class as American Tanners and Leather Dressers, he feels confident 
of their substantial support and encouragement. 

CONTENTS.— Introduction—Dignity of Labor— Tan and Tannin 
—Gallic Acid— Extractive-Tanning Materials— Oak Barks— Barking 
of Trees— Method of Estimating the Tanning Power of Astringent 
Substances- Tan— The Structure and Ck)mpoRition of Skin— Different 
Kinds of Skin suitable for Tanning— Preliminary Treatment of Skins 
— Tanning Process- Improved Processes— Vauquelin's Process— Ac- 
celerating Processes— Keasley's, Trumbull's, Hibbard's, and Leprieur's 
Processes — Tanning with Extract of Oak-Bark— Hemlock Tanning— 
•With Myrtle Plant— English Harness Leather— Calf Skins— Goat and 
Sheep Skins— Horse Hides — Buck. Wolf and Dog Skins— Buffalo, or 
"Grecian" Leather— Russia Leather— Red Skins— Wallachia Leather 
—Mineral Tanning— Texture and Quality of Leather, and the means 
of Discovering its Defects— Tawing— Hungary Leather— Oiled Leather 
— Tanning as practised by the Mongol Tartars— Shagreen— Parchment 
—Leather Bottles— Tanning of Cordage and Sail Cloth— Glazed or 
"Patent" Leather— Helverson's Process for Rendering Hides Hard 
and Transparent— Currying— Currying of Calf Skins— Currying of 
Goat Skins— Red Leather— Fair Leather— Water Proof Dressing- 
Perkins' Machine for Pommelling and Graining Leather— Splitting, 
Shaving, Fleshing and Cleansing Machines— Embossing of Leather- 
Gut Dressing. 

Morfit. A Treatise on Chemistry 

Applied to the Manufactube of Soap and Candles ; being 
a Thorough Exposition, in all their Minutis, of the prin- 
ciples and Practice of the Trade, based upon the most 
recent Discoveries in Science and Art. By Campbell 
Morfit, Professor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improved edi- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one volume, large 8vo ^1.00 

CONTENTS.- CHAPTER I. The History of the Art and its Rela- 
tions to Science— II. Chemical Combination— III. Alkalies and Alka- 
line Earths — IV. Alkalimentary- V. Acids — VI. Origin and Composi- 
tion of Fatty Matters— VII. Saponlflable Fats— Vegetable Fats— Ani- 
mal Fats— Waxes— VIII. Action of Heat and Mineral Acids of Fatty 
Matters— IX. Volatile or Essential Oils, and Resins— X. The Proxi- 
mate Principles of Fats— Their Composition and Properties— Basic 
Constituents of Fats— XI. Theory of Saponification— XII. Utensils. 
Requisite for a Soap -Factory— XIII. Preparatory Manipulations in 
the Process of Making Soap— Preparation of the Lyes— XIV. Hard 
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■oapt— XV. Soft Softpfl— XVI. Stoaps by the Cold Processh-XVn. Sill- 
OAted Soap»>-XVIII. Toilet Soaps— XIX. Patent Soaps— XX. Fraud 
and Adulterations in the Manufacture of Soap— XXI. Candles— XXIL 
Illumination— XXIII. Philosophy of Flame— XXIV. Raw Material 
for Candles— Purifieation and Bleachinf^ of Suet— XXV. Wicks— XX VI. 
Dipped Candles— XXVII. Moulded Candles— XXVIII. Stearin Candles 
—XXIX. Stearic Acid Candles—" Star*' or " Adamantine" Candles— 
Saponification by lime— Saponification by Lime and Sulphurous Acid 
— 'Saponification by Sulphuric Acid— Saponification by the combined 
action of Heat, Pressure and Steam— XXX. Spermaceti Candles— 
XXXI. Wax Candle»— XXXII. Qomposite Candles— XXXIII. Paraffin 
*XXXIV. Patent Candles— XXXV. Hydrometers and Thermometers. 

Mortimer. Pyrotechnist's Companion; 

Or, a Familiar System of Fire-works. By G. W. Morti- 
mer. Illnstrated bj namerous Engrarings. 12mo$1.00 

Napier. Manual of Electro-Metailurgy; 

Including the Application of the Art to Mannfactaring 
Processea. By Jamea Napier. From the second London 
edition, revised and enlarged. Illustrated by Engrav- 
ings. In one volume, 12mo |l.50' 

Napier's Electro-Metallurgy is .generally regarded as the very best 
Practical Treatise on the Subject in the English Language. 

CONTENTS.- History of the Art of Electro-Metallurgy- Descrip- 
tion of Galvanic Batteries, and their respective Peculiarities— Elec- 
trotype Processes— Miscellaneous Applications of the Process of Coat- 
ing with Ck)pper— Bronzing — Decomposition of Metals upon one 
another— Electro-Plating— Electro-Gilding— Results of Experiments 
on the Deposition of other Metals as Coatings, Theoretical Observa- 
tions. 

Norris's Hand-book for Locomotive Engineers 
and Macliinists; 

Comprising the Calculations for Confitructing Locomo- 
tives, Manner of getting Valves, etc., etc. By Septimus 
Norrisi Civil and Mechanical -Engineer. In one volume 
12mo., with Illustrations $1.75 

" With pleasure do we meet with such a work at Messrs. Norris 
and Baird have given ua,**—Afiizan, 

" In this work he has given us what are called *the secrets of the 
business/ in the rules to construct locomotives, in order that the mil- 
lion should be learned in all things."— iJWctilVfc American, 

Nystrom. A Treatise on Screw-Propeilers and 
tlieir Steam-Engines; 

With Practical Rules and Examples by which to Calcu- 
late and Construct the same for any description of Ves- 
sels. By J. W. Nystrom. Illustrated by over thirty 
large Working Drawings. In one volume, octavo...d5,00 
36 
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Overman. The Manufacture of Iron in all its 
Various Branches; 

To which is added an Essay on the Manufacture of Steel. 
By Frederick Overman, Mining Engineer. With one 
hundred and fifty Wood Engravings. Third edition. In 
one volume, octavo, five hundred pages $7.60 

** We have now to announce the appearance of another valuable 
work on the sul^ject, which, in our humble opinion, supplies any defi- 
ciency nfihich late improvements and discoveries may have caused. 
Irom the lapse of time since the date of * Mushet* and ' Schrivenor.' 
It is the production of one of our Trans- Atlantic brethren, Mr. Fred- 
erlpk Qvern^n, Mining Engineer ; and we do ndt hesitate to set it 
<3oWn as a work of great importance to all connected with the iron In- 
terests ; one which, while it is sufficiently technological fully to ex- 
plain chemical analysis, and the various phenomena of iron under 
different circumstances, to the satisfaction of the most fastidious, ii 
written in that clear and comprehensive style as to be available to the 
capacity of the humblest mind, and consequently will be of much ad- 
vantage to those works where the proprietors may see the desirability 
of placing it in the hands of their operatives."— Loruton Mining 
Journal, 

Painter, Gildrr and Vamisher's Companion; 

Containing Rules and Regulations in every thing relating 
to the Arts of Painting, G-ilding, Varnishing and Glass 
Staining ; with numerous useful and valuable Receipts ; 
Tests for the detection of Adulterations in Oils and 
Colors ; and a statement of the Diseases and Accidents to 
which Painters, Gilders and Varnishers are particularly 
liable, with the simplest methods of Prevention and 
Remedy. Eighth edition. To which are added Complete 
Instructions in Graining, Marbling, Sign Writing, and 
Gilding on Glass. i2mo., oloth $1.00 

Paper-Hanger's (The) Companion; 

In which the Practical Operations of the Trade are sys- 
tematically laid down ; with copious Directions Prepara- 
tory to Papering ; Preventions against the effect of Damp 
in Walls ; the various Cements and Pastes adapted to 
the several purposes of the Trade ; Observations and Di- 
rections for the Panelling and Ornamenting of Rooms, 
etc., etc. By James Arrowsmith. In one volume 
12mo $1.00 

Practical (The) Surveyor's Guide; 

Containing the necessary information to make any per- 
son of common capacity a finished Land Surveyor, with- 
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out the aid of a Teacher. By Andrew Duncan, Land 
Surveyor and Civil Engineer. 12mo 75 

Having >hnA an experience as a Practical Surveyor, etc., of thirty 
vears, it is believed that the author of this volume possesses a thorough 
knowledge of the wants of the profession ; and never having met with 
any work sufficiently concise and instructive in the several details 
necessary for the proper qualification of the Surveyor, it has been his 
object to supply that want. Among other important matters in the 
book, will be found the following : 



Instructions in levelling and profiling, with a new and speedy plan 
if setting grades on rail and plank roads — ^the method or inflecting 
curves — the description and design of a new instrument, whereby dis- 



tances are found at once, without any calculation— a new method of 
■urveying anv tract of land by measuring one line through it — ^a geo- 
metrical metnod of correcting surveys taken with the eompass, to fit 
them for calculation — a short method of finding thie angles from the 
courses, and vice versa— the method of surveying with the compass 
through any mine or iron works, and to correct tne deflections of the 
needle by attraction— description of an instrument by the help of 
which any one may measure a map by inspection, without calculation 
—a new and short method of calculation, wherein fewer figures are 
used— the method of correcting the diurnal variation of the needle 
— various methods of plotting and embellishing maps— the most cor- 
rect method of laying off" plots with the pole, etc.— description of a 
new oompass contrived by the author, etc., etc. 

Railroad Ensineer's Pocket Cofflpanion for the 
Field. 

By W. GriBwold. 12mo., tucks $1.00 

Riddell. The Elements of Hand-Kailiog ; 

Being the most Complete and Original Exposition of this 
Branch of Carpentry that has appeared. By Rohert 
Riddell. Third edition. Enlarged and improved. Il- 
lustrated by 22 large plates. 4to., cloth $4.00 



Rural Chemistry; 



An Elementary Introduction to the Study of the Science, 
in its relation to Agriculture and the Arts of Life. By 
Edward Solly, Professor of Chemistry in the Horticul- 
tural Society of London. From the third improved Lon- 
don edition. 12mo $1.25 

Shank. A Practical Treatise 

On Railway Curves, avd Location for Touno Ekoihebrs. 
By Wm. F. Shunk, Civil Engineer. 12mo $1.0€ 

Strength and Other Properties of Metals; 

Reports of Experiments on the Strength and other Pro- 
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perties of Metals for Cannon. With a Description of the 
Machines for Testing Metals, and of the Classification of 
Cannon in service. By Officers of the Ordnance Depart- 
ment U. S. Army. By authority of the Secretary of 
War. lUnst rated by ^ large steel plates. In one 7ol- 
ume^ qaarto $10.01 

The befit Treatise on Cast-iron extant. 



Tables Showing the Weight 

Op Rouitd, Squarb and Flat Bar Iron, Stbbl, etoi, bj 
Measurement. Cloth , 50 

Tavlor. Statistics of Coal; 

Including Mineral Bituminous Substances employed in 
Arts and Manufactures ; with their Geographical, Oeo- 
logical and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistics of the Iron Manufacture. By 
R. C. Taylbr. Second edition, revised by S. S. Halde- 
man. Illustrated by five Maps and many Wood Engrav- 
ings. 8vo., cloth le.OO 

TempletOB. The Practical Eiaminator on 
Steam and the Steam Engine ; 

With Instructive References relative thereto, arran^^ed 
for the use of Engineers, Students, and others. By Wm, 
Templeton, Engineer. 12mo. ....« |1.00 

This work was originally written for the author's private use. He 
wag prevailed upon by various Engineers, who had seen the notes, to 
consent to its publication, from their eager expression of belief that 
it would be equally useful to them as' it had been to himself. 

Tin and Sheet Iron Worker's lastructori 

Comprising complete Descriptions of the necessary Pat- 
- terns and Machinery, and the Processes of Calculating 
Dimensions, Cutting, Joining. Raising, Soldering, etc., 
etc. With numerous Illustrations. {In press.) 

Treatise (A) on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry 
and Logarithms, including Practical Geometry, Survey 
ing. Measuring of Timber, Ca»k and Malt Gauging, 
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Heights aud Distances. By Thomas Kentish. In one 
volume, 12mo $1.25 

A volume of ineBtimable value to Engiaeers, GaugerSi Students, and 
othera. 

Turubull. The Electro-Magnetic Telegraph; 

With an Historioal Aoooant of Its Rise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insul&tion and Protection from the Effects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Devices and Laws. By Lawrence 
Tnrnball, M. D., Lecturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated by numerous Engravings. 8vo..$2.00 

Timer's (The) Companion; 

Containing Instruction in Concentric, Elliptic and Eccen- 
tric Turning^ ; also various Steel Plates of Chucks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical CuHer and Rest; with Patterns 
and Instructions for working them. 12mo., cloth.. $1.00 

Bell. Carpentry Made Easy; 

Or, The Science and Art of Framing, on a New and Im- 
proved System ; with Specific Instructions for Building 
Balloon Frames, Barn Frames, Mill Frames, Warehouses, 
Church Spires, etc. ; comprising also a System of Bridge 
Building ; with Bills, Estimates of Cost, and Valuable 
Tables. Illustrated by 38 plates, comprising nearly 200 
figures. By William E. Bell, Architect and Practical 
Builder. Svo HOO 



SOCIAL SCIENCE. 

THE WOBKS OF HENAY C. CABEY. 



" I challenge the production IVom among the writers on political 
economy of a more learned, philosophical, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C. Carey. 
riie works he has published in support of the protective policy, are 
remHrkablc for profound research, extensive range of inquiry, rare 
lo^cal acumen, and a consummate knowledge of history."— 5pe«* of 
Hon, Edtrard Joy Morrity in the House of Representativet of the UnUcd 
UtateSj February 2, 1859. 
20- 
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THE WORKS OP HENRY C. CAREY. 

" HeDiy C. Carey, the best known and ablest economist of North 
America. • • • • • in Europe be Is prii^oipally known by his 
striking and original attacks, based upon the peculiar advantages of 
American experience, on some of the principal doctrines, especially 
Malthus' ' Theory of Population' and Rlcardo's teachings. His views 
have been largely adopted and thoroughly discussed in Europe."— 
** The German PolUical Lexicon** Edited by BluntediH and Brater. Leipeie, 
1868. 

** We believe that your labors mark an era in the science of political 
economy. To your researches and lucid arguments are we mdebted 
for the explosion of the absurdities of Malthus. Say, and Rlcardo, in 
regard to the inability of the earth to meet the demands of a growing 
population. American industry owes you a debt which cannot be re- 
paid, and which it will ever be proud to acknowledge. — From a Lettet^ 
of Hon. George W. Scranton^ M. C, Hon. William Jeetup.and over ttoly 
influential citizen* of Luxeme County. Penneylvania. to Henry C. CSsrvy, 
-diprtf 8,1869. 

Financial Crises; 

Their. Causes and Effects. Svc, paper 25 

French and American "Tariffs, 

Compared in a Series of Letters addressed to Mons. M. 
Chevalier. 8yo., paper 1ft 

Harmony (Tlie) of Interests; 

Agricultural, Manufacturing and Commercial. Svo., 

paper ; 75 

Cloth $1.25 

** We can safely recommend this remarkable work to all who wish 
to investigate the causes of the progress or decline of industrial oomr 
ittunlties.»~£tocfctmKNi'« Magazine, 

Letters to the President of the United States, 

8vo., Pap^r 50 



Miscellaneous Works; 



Comprising "Harmony of Interests,'' "Money," "Let- 
ters to the President,** "French and American Tariffs,*' 
and "Financial Crises.'* One volume, 8vo |2.50 



Money; A Lecture 



Before the New York Geographical and Statistical So- 
ciety. 8v6., paper 15 
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THE WORKS OF HENRY C. CARET. 


Past (The), 


tjie 


Present, and the Futnre. 
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" Full of important facts bearine on topics that are now agitating^ 
all Europe. * • • These quotations will only whet the appetite 
of the BCientifio reader to devour the whole work. It is a book full of 
valuable information. "~£conomi«f. 

*' Decidedly a book to be read by all who take an interest in the pro- 
gress of social science."— 6^ctotor. 

<*A Southern man myself, never given to tariff dbctrines, I confess to 
have been convinced by his reasoning, and, thank Heaven, have not 
now to learn the difibrence between doe^ed obstinacy and consistency. 
* Ye gods, give us but light I' should be the motto of every inquirer 
after truth,- but for far different and better purposes than that which 
prompted the exclamation.'*— 7^ kUe John S. Skinner. 

" A volume of extensive information, deep thought, high intelli- 
gence, and moreover of material utility."— Lomlon Morning Advertiser. 

** Emanating from an active intellect/ remarkable for distinct views 
and sincere convictions."— £H/annia. 

** ' The Past, Present, and Future.' is a vast summary of progressive 

Ehllosophy, wherein he demonstrates the benefit of political economy 
1 the onward progress of mankind, which, ruled and directed by over- 
whelming influences of an exterior nature, advances little by little, 
until these exterior influences are rendered subservient in their turn, 
to increase as much as possible the extent of their wealth and riches." 
^Dictionnaire Vnivertd dee Contemporaine, Par G. Vapereau, Porie. 
1868. 

Principles of Social Science. 

Three volumes, 8vo., olotli $7.60 

GOII^TSNTS.- Volume I. . Of Science and its Methods- Of Man. 
the Subject of Social Science— Of Increase in the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society— Of Appropriation — Of Changes of Matter in Place 
—Of M hanical and Chemical Changes in the Forms of Matter. Vol-> 
Vime II. Of Vital Changes in the Form of Matter— Of the Instrument 
of A88ou.ation. Volume III. - Of Production and Consumption— Of 
Accumulation- Of Circulation— Of Distribution— Of Concentration 
and Centralization— Of Competition— Of Population— Of Food and 
Population— Of Colonization— Of the Malthusian Theory— Of Com- 
merce—Of the Societary Organization— Of Social Science. 

" I have no desire here to reproach Mr. Malthas with the extreme 
lightness of his scientific baggage. In his day, biology, animal and 
vegetable chemistry, the relations of the various portions of the hu- 
man organism, etc. etc., had made but little progress, and it is to the 
general ignorance in reference to these questions that we must, as I 
think, look for explanation of the fact that he should, with so much 
confidence, in reference to so very grave a subject, have ventured to 
suggest a formula so arbitrary in its character, and one whose hollow- 
ness becomes now so clearly manifest. Mr. Carey»s advantage over 
him, both as to facts and logic, is certainly due in great part to the 
progress that has since been made in all the sciences connected with 
Ife ; bu* then, how admirably has he profited of them ! How entirely 
Is he a« courani of all these branches of knowledge which, whether 
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dlreotlv or Indirectly, bear upon his subject I With what skill does he 
ask of each and every of them all that it can be made to furnish, 
whether of facts or arguments I With what elevated views, and 
what amplitude of means, does he go forward in his work I Above 
all, how uiorough in his scientific caution I Accumulating inductions 
and presenting for consideration facts the most undoubted and proba 
bilities ol the highest kind, he yet affirms nothing, contenting hims^rlf 
with showing that his opponent had no good reason for affirming the 
nature of the progression, nor the time of duplication, nor the gene- 
ralization which takes the facts of an individual case and deduces 
ifrom them a law for every race, every climate, every civilization, 
every condition, moral or physical, permanent and transient, 
healthy or unhealthy, of the various populations of the many coun- 
tries of the world. Then, having reduced the theory to the level of a 
mere liypothesls, he orushes it to atoms under the weight of facts."— 
M. De Fantenay in the **Joumal de» Econ^/mittea." Paris, September, 18G3. 

** This book is so abundantly full of notices, facts, comparisons, cal- 
culations, and arguments, that too much would be lost by laying a 
{>art of it before the eye of the reader. The work is vast and severe 
n its conception and aim. and is far removed from the common run 
of the books on similar suttjects."— 12 Hondo Letterario, Turin. 

"In political economy, America is represented by one of the 
strongest and most original writers of the age, Henry C. Carey, of 
Philadelphia. **#»♦♦*♦*»• 

** His theory of Rents is regarded as a complete demonstration that 
the popular views derived from Ricardo are erroneous ; and on the 
subject of Protection, he is generally confessed to be the master- 
thinker of his country."— fFe<fmifi«ter Beview, 

** Both in America and on the Continent, Mr. Henry Carey has ac- 
quired a great name as a political economist. • • • * • 

" His refutation of Malthus and Ricardo we consider most triumph- 
ant."— Lontton OriHc, 

" Mr. Carev began his publicati&n of Principles twenty years ago ; 
he is certainly a mature and deliberate writer. More than this, he is 
readable : his pages swarm with illustrative facts and with American 
instances. •♦•••♦•••••* 

" We are In great charity with books which, like Mr. Carey's, theo- 
rize with excessive boldness, when the author, as does Mr. Carey, 
possesses information and reasoning power."— London AtheMeum. 

" Those who would fight against the insatiate greed and unscrupu- 
lous misrepresentations of the Manchester school, which we have fre- 
quently exposed, without any of their organs having ever dared to 
make reply, will find in this and Mr. Carey's other works an immense 
•tore of arms and ammunition. •«•»••** 

•* An author who has, among the political economists of Germany 
and France, numerous readers, is worth attentive perusal in Eng- 
land."— Lon<Jon Suatman. 

** Of all the varied answers to the old cry of human nature. < Who 
will show us any good 1' none are more sententious than Mr. C^lrey's. 
He says to Kings, Presidents, and People, * Keep the nation at work, 
and the greater the variety of employments the better.' Hie is seekr 
ing and elucidating the great radical lawe of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
--Natumal Intelligencer, 

" A work which we believe to be the greatest ever written by aa 
American, and one which will in future ages be pointed out as the 
most successful effort of its time to form the great scientia scientiarum," 
'^Philadelphia Evening Bulletin, 
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The Slave Trade, Domestic and Foreign; 

WI17 it Bxists, and How it ma/ be Extingaislied. 12mo., 
cloth 11.50 

CONTSNTS.— The Wide Extent of SJarerjr—Of SlaTery in the 
British ColonlevvOf Slayery in the United States^Of Emancipation 
in tiie Britiah Colonies — How Man passes from Poverty and Slavery 
toward Wealth and Freedom— How Wealth tends to Increase— How 
Labor acquires Value and Man becomes Free— How Man passes from 
Wealth and Freedom toward Poverty and Slavery— How Slavery 
grew, and How it is now maintained in the West Indies— How Slavery 
frcw, and is maintained in the United States— How Slavery grows in 
Portugal and Turkey— How Slavery grows in Indi&— How Slavery 
rrows in Ireland and Scotland— How Slavery grows in England- 
How can Slavery be extinguished 1— How Freedom grows in Northern 
Germanv — How Freedom grows in Russia— How Freedom grows in 
Denmark— How Freedom srows in Spain and Belgium— Of the Duty 
of the People of the United States — Of the Duty of the People of £ng« 
land. 

" As a i 
of compreh 
His research < . _ 
nor is his accumulation of instances ever at the expense of universal 
truth. He is< doubtless, intent on the investigation of la'4-s, as the 
appropriate aim of seimice, but no passion for theory seduces him 
Into the region of pure speculation. His mind is no less historical 
than philosophical, and had he not chosen the severer branch in 
which his studies have borne such excellent fruit, he would have 
attained an eminent rank amons the historians from whom the litera- 
ture of our country has received such signal illustration."— JVev York 
TrUntne, 



French Politico-Economic Controversy, 

Between the Supporters of the Doctrines of Casbt and 
of those of RiCARDO and Malthdb. By MM. De Fontenaj, 
Dupnit, Baudrillart, and others. Translated from the 
''Journal des Eoonomistes,'' 1862-63. {Inprw,) 

Protection of Home Labor and Home Produc- 
tions 

Necessary to the Prosperity of the American Farmer. 
By H. C. Baird. Paper i3 

Smitli. A Mannal of Political Economy. 

By B. Peshine Smith. 12mo., cloth $1.26 
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